
/ AD—AO 72 775 804.7 BERANEK APC NEWMAN INC ARLINGTON VA F/S 9/2
A COMPUTER PROGRAM FOR BEAM NOISE PREDICTION. (U)
MAY 79 R M ZESXIPC. W I. SCOTT N00173—17—C—0296

UNcLASSIrIED 88*3654

ni _
_ _

nt! U! _
aFMIU
_ _ _ _  

_ _ _UUSIUI’• END
flTI
nt~ to

9-79
no’



I I ~llI 
V~

I .1 I

V



Bolt Beranek and Newman Inc. ~~~
(

I td ort No. 3654

I ~omputer Program for ~
.i Noise Prediction ~~

R.M.Zeskind, WL. Scott

May 1979

I Prepared for:
Naval Research Laborator y

I fhi s documont hci~ b~o~ approved
~ ic~r ~~~~~~~~ re~ :c~-~ ~~~ sale; its

~~~~~~~~~~ is mii~rJted.i
u-s

• I_I..

II
‘ I

L _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _  _ _  _ _



I

Report No. 3654 
/

COMPUTER PROGRAM FOR BEAM NOISE PREDI CTION
~~~~~

/
/R. M./Zeskind
1W. L. Scott/ -~~~~~~~~~~~~~

I/i ’ ~ ~~~~~~~~ C
y9-~979 ~~~/~1UG 

~~~~~~~~~

--

Contract No. N00173-77-C-0296 ,‘—~~
-
. — ) ‘ )

BBN Job No. 10601 —

~
‘I )  E W ~~~~~~’f

Prepared for:

Dr. Orest Diachok
Code 8160
Naval Research Laboratory

- Washington , D. C. 20375

Prepared by:

Bolt Beranek and Newman Inc.’ - - - - .

1701 North Fort Myer Drive _ -
~

-- . . .
~~~~

- : 13

Arlington , Virginia 22209 
~:; ~~~~ : iC

- 
‘

-

-a

~O1D L ’~~I/J 

~~~~~~~~~ . - -~- -~-~--



Report 3654 Bolt Beranek and Newman Inc .

I
TABLE OF CONTENTS

Pa ge

i . INTROD UCTION 1-1

1 .1 Am bient Noise Prediction Computer Programs 1- 1-
1. 2 Report Overview 1-3

2. PROGRAM GEOM 2-1

2.1 Input Data File 2-1
2.2 Program Description 2-3
2.3 Output Data File GEO 2-8
2.4 Glossar y and Program Listing 2-11

3. PROGRAM CFUNK 3-1

3.1 Input Files 3-1
3.1.1 Geometry File 3-1
3.1.2 Transmission Loss File 3-1
3.1.3 F ile SOURCE 3-3

3.2 Main Program 3-3
3.2.1 Common Storage 3— 6
3.2.2 Flowchart and Description 3-6

3.3 Output File 3-15
3.4 Glossar y and Program Listing 3-17
3.5 Subprograms 3-32

3.5.1 Function Z 3-32
3.5.2 Func tion BETA 3-35
3.5.3 Function INCL U 3.39
3.5.4 Subrou tine GAMA 3-41
3.5.5 Subroutine Beam 3-44

I~~1r- ~r~~~

I~. 
- -

1

~~L~~)

-- —.~~~~~~~
- - —---~~~~~~~~~ - -



Report 3654 Bolt Beranek and Newm an Inc .

TABLE OF CONTENTS (con ti nu ed )

Page

4. PROGRA M DINS 4-1

4.1 Input Data File 4-1
4.2 Main Program 4-1

4.2.1 Common Areas 4-2
4.2 .2 Description and Flowchart 4-2

4.3 Output 4-4
4.4 Glossary and Program Li s ting 
4.5 Subroutines 4- 11

4. 5 .1 Sub rou ti ne IFT 4 _ f l
4.5.2 Subroutine POW2DB 4-14
4.5.3 Subroutine DIST 4-17

I

I.
1.

11

_ _ _ _ _  —~~- -  



.~~~.
- . - p - - --- 

~~~—-- -

Report 3654 Bolt Beranek and Newman Inc .

I
LIST OF FI GU RE S

Page

Figure 1 Data Flow of Ambient Noise Predict ion
Computer Inp ieme ntatio n 1-2

2 Flowchart for Program GEOM 2-4
3 A Polar Triangle 2-5
4 Route Segments and Triangles 2-7
5 Example of Terminal Printout from Program

GEOM 2-9
6 Definition of Array Angles 3-4
7 Flowchart of Program CFUNC 3-7

8 Flowch art Function Z (R ,D) 3-33
9 Across -Route Density Function 3-36

10 Flowchart for Function BETA 3-38
11 Flowchart for Function INCLU 3-40
12 Subroutine GAMA Flowchart 3-43
13 Flowchart for SUBROUTINE BEAM 3-45
14 Program DENS Flowchart 4-3
15 Flowchart of Subroutine IFT 4-12
16 Flowchart of Subroutine POW2DB 4-16
17 Flowchart of Subroutine Dist 4-18

1 1.1

I



.--~~~~~ - - _ -.

~~~~~~~~~~~~~

--

~~~

-

~~~

-—-

~~~~~~~~~~

Report 3654 Bo lt Beranek and Newman inc.

• LIST OF TAB LES

Page

Table 1 Structure of Input File Dat in 2-2
2 Structure of Output File GEO 2-10
3 Structure of Transmission Loss Files 3-2

- 4 Structure of Disk File Source 3_ 5

5 Structure of F il e PH IX 3-16
6 Structure of the Output of Program DENS 4-6

I

I
I.
[

lv



Report 3654 Bolt Beranek and Newman Inc.

1. \INTRODUCTIO N

~~4 1he pu~~~ose of t h i s  r epo rt  is t o d o c u m e n t  t he  con u t e r
programs t h a t  have been wr  I t t en  t o  n~p 1en~eu t  t he p r ed ic t  ion
a l g o r i t h m  d escr ib e d  In  I~I 1~ hep or t .  3e~~3 by M . r~oi1 , . P .  Z e sk i  ud
and ~~~~. L.  ~ . a .  t ~ n : i~ led  ‘‘ .~O. A j e u i ~~h:: . r ep  H a: : : : - i ~~~- ~~~~~~~~~~~~~The ut~~~~ - :1 a u n ~ ha t  t. he r a - p 1 :~ 1 ~‘ea LI~~ : :  ::d 1 a -

• -•~~~~~~~ .~~ he
c en t  e nt :  or  i .h : tt  r e -p o r t

1.1 Ambient Noise Prediction Computer Programs

The a l  goi ’I t hn - s fo r  c a l c u l a t i n p  t he p otrit ’  ¶ l i t  y d e n s i t y  of
the a v e i a ~:e~l no so ~~ w or  at the  out  pu t  of a b e a mf o r m o r  in a
sped C ~-d : i ssb : ind res u l t  ug t ’i ’o n~ sh i  p t r a f l  I c  i n  an a c o u s t i c
basin have  b een i o i ~:ur ~ -d in  F O R TR AN for  a CI ) C e eQ d l  ~: t a l
computer .  The a I gor t hrn s ar e i n:I~ 1 om ‘u t -ed as t h r ee  epa at e
programs and t h e ir  a c o  ~ at  ed d ata f i  los . Figure 1 pr e s e n t  S
a block d i ag r am  of t he  da ta  f low of the  a m b i e n t . n o l a . ’ predic-
t ion  compu te r  inip . 1 e m o n t - a t i o n

The input  i n f o r m a t i o n  is divided into  three  t~’pe s .
T r a n s m i ss i o n  loss da ta  at a given sensor  l o c a t i o n  is read
in to  the compu te r  and s t - o i v d  on a f i l e  as a t a b l e  of t r a n s —
miss ion loss as a f u n c t i o n  of range and b e a r i ng .  ~ne su ch
t r a n s m iss i o n  loss f i l e  is crea ted  Cci  each Ci ’ . a u e n ~- y of
inte”est  . Sensor s route  and ship t r a f f i  a i nf o r ma t ion , w h i c h
Is Independent,  of f r e q u e n c y ,  is read I nt -o t he  c o m p u t  . i . This
f r e q u e n c y — i n d e p e n d e n t  i n f o r m a t i o n  is used as t l ie i up u l  t o  a
program w h i c h  computes  such q u a n t i t i es  as rou t e  segmen t  l e n g t h s ,
ea r th— cen te red  angles  b e t w e e n  r o ut -e s  and sensor , and o ther  geo-
met r ic  pa ramete r s  needed In the c o m p u t a t i o n  of the c h a r a c ter -
i s t i c  f u n c t i o n  ~y ( e)  . The out p u t  s of t h i  geomet  ry p rogram
are stored on a f i l e  for  la ter  use as I n p u t s  t o  t h e
c h a r a c t e r i s t i c  f u n c t i o n  program .

The cha rac t e r  I. s t  I a fu n c t  .1 on of beam no i se  p ow er  is corn —
puted via the  a l g o r i t h m  d e r iv e d  In gec t , ion  ~ .0 of BPN Popo i t
3653. This program reads in radia ted  n o i s e  dat  a fo r  ea c h
type of’ ship and other f requenc  y — d e p e n d e n t  in p u t  In  f o r m a t  ion
such as beam pa t t  eim p a r a m et e r s  . Beam s t e e r i ng  angle  and
array or i e n tat -  ion are a lso  en tered  at  t h i s  poi  nt  . The charact or—
1st Ic fun c  t ion program read a in the da ta  st o r e d  In the geoniet. iy
f i l e and the a p p r o p ri a t e  t r an s m l  as i  on loss 1’ 10. The program
ca lcu la t e s  the mean and variance of r ece ived av er age  no ise
power as well  as I ts  c h a r act e r i s t i c  f u n c t i o n  and s to res  the
resu l t s  on a f i l e  to be used as Input  t o  the  f i n a l  computer
program .

1—1
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RAD I ATED N OI S I/ I SENSOR , ROUTE / 1TRA ~~~~~ S I O~DATA FOR EACH / 
L~~~~ 

SHIP T R A F F I C /  

/ 

LOSS DATA 

/

/ 

I N P U T  7 f~ I N P U T

TYPE OF SHIP / IN IORMAT ION
& OTHER FREQU- /
ENCY D E PENDENT !
I N P U T  I N F O R  _________________

TO COMPUTE IMAT ION 
- 
/ L PROGRAM

GEOMETRY DAT A j

1’~~ STORE TABLLT ’\ “~ STORED
OF G E O M E T R Y  (

~) 
( T R A N S M I S S I O N

________________ ~~~~LOSS DATADATA

1
COMPUTE C H A R A C T E R I S T I C  F U N C T I O N  IrPR0 M

~

PROGRAM TO COMPUTE 1
L~

R O B A B I L I T Y  D E N S I T Y  I U N C T I O N  OF V

jfy (Y )

I P R I N T O U T  1

FIGURE 1 Data Flow of Ambient Noise Pred i ction
Comp uter  ~mp lcm ent a t ion
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The final l a:-:ranl compu t es t lie pi abab 1 1 It y densit furic t ion
of Y usIng t he numer I cal alga ~ It . hi:: do s e t !  bed in fec t I on l . . of
BBN R e por t  3 o h 3  . The mean , var ian ce and pI’oL :ibi 1 t v U_ -n: ; i t v
fun c  t Ion Car Y are print eQ out a a t he ft nal  10 suit.

The at  ructu te of t lie pi-ogran: prey Ides so vet-a I :idvari t age::
The geomet t i c  dat a need be oampu t eQ on lv once Cot’  a g i  v - : :
sen sor loca t iLu and route at  x ’u c t  u r e  , fin ci ’ it . is indeH -n ;ienlt
of i requonav and bean: at. t - e i ’i n g  a n g I e , he saint ’ g.- om ’t n’~- d at a
earn be used many t I no a l v  I I : -  ch a t  a t  er I a t  Ic Cunc  .1 cii ~~:o ~
Furthermor e , II :.’ t ransmi ssien loss  dat:: need be o ut  .- r e d  011 1 v
once for  a part i cu l  ::i ce nso r  tocat. Ion .

1. 2 Report Overview

The r enta  t nder  f’ t hi a re p0 rt doe un:.- n I a ~ h a  1 id I vi U a:: 1
computer  p t o g x ’ a m a  shown In 1 igure 1. 5.-c t  io n . describes
Program ~I I-:~ P w hi  c l i  a o:nrui . cc t he geotne t ry dat a . A I so do cc r ’ I -  eQ
are t h e  at  ructur ’e of the Input dat  a Ci  le aT ’ sei:co:- , t out e and
sh I p traf C 1. c I ri Cot’nsi t- I on ; and t he at . rue  I u re oC 1. he ~.‘.~ ‘a’ I I \ ‘

da t a  f i l e  . fec  t Iou 3 di- sei’l be a i’ reg t ::n: C l - l I N K  wh I ch a o n p u  t es
the  clian’ acter ist I c  f un c t i on  4~y~ w) . The a t  in~ct  ui’e c f  t h e  i n p u t
and o u t p u t  f i l e s  needed for  t h i  erogr a m are  :i l a o  d e a c i ’  I i -cd i n
Sect ion 3 . Seat  I or: ~l de car  l i e  a Pr ogi a :n PSN S , 1:1: c l i  a am -p u ’ e a
the p r o b a b i l i t y  dena l  r -y f u nd  Ion ‘i’ and p r i n t  a o ut  t h e  r e su l t  a

The document  tI .  I on Cot.’ each pi ograni cons .1 at a al’ a t i  I c i ’
de sc r ip t ion  of the main program , the at m c  tin e of i:i~ ut and
output  1’ 1 lea , a gloc sary ci ’ v a t ’  i a l l  o n ame a , flow-a hart a and
list inga o I’ the pr’ograni

1—3
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2 , PROGRAM GEOM

in fe-ct Ion 5 .5 or ’ PPN R-; ~~- :-t 3 e 3  \~- t - x e  dt -I’lv. - ¼1 :ul :’.-bi’a ic
equat ions to be aol vt’d Cop ct -Pt :n tnt get i:; t ~ lc  p : t i : i i : a - t e l :: i:o. ied
In t h e  c onn i u t  at  I a : :  01 ’ the  c h a t a c  te:’i at I c  t n : :  I i - n  c i  I ’ec - veJ
rio I se ~ ~~ 

I c )  . Thea 5.’ goon:. - t 1  h a  pa r a m e  t er: : ct  ‘ - m i  i :  I v 1; 1 ho
pc:; 1 t to:: al’ t h e  s - : I : o P  ~n a i  t h e  pc: .  i t  o r :  c i ’ c i i i  ; ‘p in g  0- - U i t ’S on t i n e

e ar t h ’  a c ur  f ac e , I l : . -v a u n t  be 1 :-cl -a_ - n :11 i n t l  0 1 \0 c a t  ~~
- p I c : ;

In  t h e  f ir s t  c at  o:-:o:’ v , t he : a : a : : a - t e t ’ :: ~i~- ; . - : : l  or :  l ie v : n r ’ I a i - l i - :  of ’

1111 ogr :i  t 1 a n in t he ca ic  u l  at .  I on of ~ v (a  ) , i n  i h s . c  and  c a t  ogol ,
they do IIOI rr iil : : n:~- : : - - 1 ’a i : ~it::::  doc:: n:a ’ :t a l - C K T R A N  c o m p u l  en ’
p r ’o t : r ’ar: :  cal 1 eQ ra ~~:- n:: ; ~; FSP t~~ : I c  h c c f l l U  I es I i re  g -  t : .  I : 1  a ~~ : a  —
ITie t. ’I ’s Ot ’ t h e  s e c o n d  c a .  ~cr -v

Program G EO~ Is at. rue t u med to  compute the ge onto t r~ c
par ame ter s  for  each individual ct -gment of a sh I pp lug rout .  e . It

— is assumed that a rout  e w i l l  l u n v e  f rom one up I o a m a x i  1:1111:1 of
fi ye segne n i t -  a . T h e  p r ’ogmam as annie a a i m : : n  x i  mu in of’ t en  rott  I e a
The program reads .1 uput dat.zi f’rom a p r e vt o u s  I y c rea ted  (I . i sk fi Ic
labelled P A T I N  ar id at -or e s t h e  n ’eau i  I - s  ol ’ t h e  c o n n l u t a t i o i n :;  on
a disk f ile  l a b e ll ed  CEO , The result :;  arc also  p r i n t e d  at t h e
computer te rminal  so tha t  a hard copy is ava i l ab l e  for  documen-
tat ion .

2 .1 Input Data Fi l e

The input  d a ta  for Program GEOM Is read from f i l e  D A T I N .
This f i le  con t  a i m s t h e  i d e n t i fi c a t i o n  number  fo r  t h e  p ar t i c u l a r
case of s o m n ~ o~ po si t .  ton  and sh i p pin g  rou tes  to  be p rocessed  ; the
sense: ’ s p o si t  ion;  i. he number  of i’Out es and I he appropr  i at - e 1n—
formation  1’oi’ each rou te  by segments . Table 1 g ives  t h e  struc-
ture of the  f i l e  DAT 1N . Each l ine of t he  t ab le  corresponds  to
one logical record on the  f i le .

The fo l l owing  c o n v e n t i on  was assumed for  the  posi I ion of t h e  sensor
and of the  route  segment e n d — p o i n t s . If the  lat i t u d e  Is  nor t h ,
then the degrees , m i n u t e s  and seconds t h a t  s pec i f y  the  l a t i tu d e
are all pos i t ive . If the  l a t i t u d e  is so u th , then the degrees ,
minu te s  and seconds arc en tered  as n e gat  .1 ye nu:ul ’ .- i ’s  , I f  I he
longi tude  is west  , t h e n  e n te r  the  deg rees  , m i n u t e s  and seconds
as pos it ive  numbers . If the  longi t ;ude is east- , e nt e r  t h e m  all
as n e g a t i v e  n u mb e r s ,  It is also assumed t ha t  the  segments are
ordered from l e ft  to r igh t  along a route.

2—1
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TAI3I JE )_ STETJCTU RE OF iN PUT FILE i)ATIN

( N o t e  i~dd ii L in e  Repr o  sent  One Log.l cc i  Record )

I)ESCR IPT 1ON

ldent  I I ’I cat  .t on N u m b e r  ( 13 )

St -n ::or Eat  It ude  , Senc or Longi t ude ( t) I” t~- . 1 )
( In  deg re es , m i n u t e s , seconds)

Number of Routes (13)

Number  of’ Segments  on Th i s  Route (13)

LatI tud e  arid longi tude of lel’t.— enLI— p cInit. (6F 6  .1 )
of’ segnnme nit. ( i n n  d o g . ,  m m ,  , see .)

Width of rout. e segment at l e ft  (F8 , l j )
o end— poin t  ( i n  degrees)

Cl)

Latitude and longitude of r ight  (6F 6 . i )
•~ end—pc m t .  ( i n  d og.  , mm . , sec . )

I’)
()

Wi d th  of ’ i ’oute at right- e n d — p o i n t  , max i mum (2F8 . !i )
width ot’ se ~-a :nent tbot h i i i  degi’eea )

0 Large , small  a m i d  ft s hin g  ship d e n i a i  t-~ es ( 3F10 . I )
On t h i s  segmi lo l i t  I. s h i ps ,  :: . mi l e)

Li)
d l  di

r~cI~

etc.

2— ~
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2 .2 Program D e s c r i p t i o n  

,~~‘e S ‘ a flowchart for Pr oar ’an: :  ( . S ~’ . T t - - ;~r ogn ’am
first I m u t I a l i ~~os c o n s t a n ts  and ax - s a y : ; ; u~’f i  m a - : ; a f u n c t i o n  EA1 )E
to C o n v e r t  a n t - i c : :  in n  d egx ’een , m i n u t  ‘; ami d s~-c c - r~~1:; t o  l u a u: ;
and r c-~-: rid s i. h a  i n p u t . ansi o u t p u t  i i  l e a . N e x t  in s i Q a m t ’L I ficat Ion
m: r:b e p .1 a : ‘e:: a I : ’  ‘: :: fi  le - : 1) A l ’  I N  am ud a 1 :;o t he S t  m i s O  I’  05 1 t an
The t o - m i  : a :  latitude ami d ion gi t u de :n - - -a - ‘ i i c  - m l  I . ‘ - a , ; ,
angle he ’ t een t h e  nort h pole and Pens-c:’ is cun~ ; : t  eQ a s :

= 
— latitude of senaox’

o 2

The ang le  between t h e  G r e e n w i c h  m er r i d i  an t  and  t h e  : ; c m n a - c m ’  nor :’ td I a n
is c o m p u t e d  as:

= sen son ’  long i t u d e , If p o s i t i v e
2 n  + longlt .u de , if negative

Tine p r o g ram  next reads f r c -m f i l e  D A T I N  t he  m usd oi - of
rou tes  and e n t e r s  a DO LOOP to pr ocess  Info :’; : :at .  ion one r o u t e
at a t line . T u e  f i r st  st a t  em en t .  in  t he  DO L U f P  for  t h e  routes
reads inn tine nur :Ue  5 01’ ae g: :u eni t  a on t h i s  p a s t  l au l  ar r o u t  e and
then  cu t  era a DO LOOP cmi the segm .- n t . s of t h i s  r o u t e .  In the
DO LOOP on the c-s u n - n t .  a , t . i a -  t rogi’:t::; reads in  the  d a t a  f or  each
segment  of the r o u t  e an d c~- : apute s  t h e  geome t n c  p a : :u r : : L -t  e ra
for  t h a t  :egmn en n i .  . The s egm en t  a are ei-der~~ I’rom I.e ft. t o  r igh t
along t i n e  r ou t e  . ‘

~ he goom::t ’t . r io  p a i ’ a m : c t  ox ’s  and ci: i~~p ~ ng d on a i  I. y
in formal-  ion are s tored in a t . hneo  (Ii  r n -n t .  I onal  ar r ay  C . ‘r ite ele-
ment s of ar r ay  C are de f i m i e d  in t h e  g lossa r y be low . r1~1)0 com -
p u t a t i o n : ;  perfo : ’;nad In this par t  of the p r e gn ant are as f o l l o w s .

First the  angles  of a no r th  p o la r  triang le f o rm e d  by
the sensor , r o u t e  e n d— p o i n t  and n o r t h  pole a r e  c o m su t . e d  . Fi g u r e

~ shows t h i s  t r i a ng l e  for  a general end—poin t .  R 1. The side c~ is
computed f rom;

it
c 4 — — l a t i t ude  of end—poin t

~ 2

The angle N1 is given b y

N 1 =
~

W1 — w0 J
where

W I = long itude of end—p oint If posit ive
2ir + longitude of en -md—point If negative

2— 3
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START )

I N I T I A L I Z E  CONSTA N TS
AND ARRAYS

/ READ I N
/ IDENTIFICAT I ON NUMBER ,

/ SENSOR P O S I T I O N

COMPUTE A N GLES
FROM SENSOR P O S I T I O N S

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

F’- 1 ,

I ~(EAD IN NUMBER /
/ OF SEGMENTS ON /
/ THIS ROUTE NS(I) / DO LOO PS ON SEGMENTS

F 
J = I , 

If READ I N  DATA FOR /
/ THIS ROUTE SEGMENT J

COMPUT E GEOMETRIC PARA NETE~~1AND ELEMENTS OF T H E
A P P R O P R I A T E  ROW OF ARRAY

1- _j I 
J

JWR ITE IDE N TIFICAT I ON NUMBE ~T7I NUMBER OF ROUTES , A R R A Y  NS /
/ AND ARRAY G TO DISK F I L E  G~ 9J

I PR I NT RESULTS
/ AT THE TERMINAL

STOP

FIgure 2 Flowchart for Program GEOM

2_ Li

.
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N , north pole
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The side of the  polar  t r i a n g l e  is found from

COS S~, COS C1 CO S C 0 + s in c 1 sin c0 cos N 1

and then t a k i n g  the  arc cosine. Next sin s~ and t an  ~ are
computed . The angle C1 of the  polar  triangle I:; f ou nd  f rom the
arc sine of

sin C 1 sin c 1 sin N~, ÷ sIn
T h e  as .i mu t h  of po ~ t i t  H 1 I s computed as

Z
I C i 

W I ~ W o

= 2ir — C , W > W1 1 o

The t ri ann’ ; 1 &- a formed by Ishe rou te  so gmne ni. e n d— p o i n t  :;
and the  sonson ’ an ’e shown in  F i g u r e  i~ Tine i nitermn al an g les  of the
route  segment t r i a ng l e s  are computed  as

I I I~
i i+l — z il

The a ide 1~ of the route segment t ri angle I a found f rom t ak ng
tue arc cosine of

cos = cos s
~ 

cos ‘I+l + sin 
~~~~ 

cos

Then the length  of the route  segment In  n a u t i c a l  mile s is
compute d from

L1~~~ p 1~

where p is the  radiu s  of the  ea r th  in n a ut i c a l  m i l es .

The ~iitei ’nial angle  I~~ of the route scgnnent t r t a n g i e  I S
computed from

sin F
1 

sin s~~~~ sin -:- sin

and then taking the arc sine .

2— 6
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FL

1 1 1 3
I: R 3

F

S2

S 3S I
$4

‘2 ~

R 0, ob se j’va ti on P oi n t

F I gui’e ~ Rout ,  e Segment. a and Tn ’ I aug 1 e a

2— 7 

- - .-~~



Report 3654 Bolt B era n ek and Newman Inc .

‘The last com p u t a t i on s I in t ,he 1)0 LOOP on th (  segm ents
is to c om pute th e two route  width cocff.I c I e ’ r~t -s b 1 and e1 for
this se gment:

b 1 = 2 t [in 1 — W I 
+ — w 1) (m 1 — 

w lf l
)]

2 [  (m 1 — w 1 ) + ( in 1 — w 1~~1 ) + ~! (m 1 - w.) (inn
1 

-

where w 1 is tine route width at

Is ti n e m a x i m u m  w I d t h  of t u e  segment R 1R 1+i

After the comput-atlor’a for each segment of a route
have been com pleted , n -he  p ro gram r etu r n s  t o  t h e  ~~ I- a ’ DL) 1 001
to proce:;s ano th ie i ’  r o u t e .  Once all route:; h a v e  bet ’nn processed ,
the program enter:; the section of code w h i c h  w r i t - e u ; t i n e  n ’e su l t s
to the output file CEO. The structure of the output file CEO
wil l  be d iscussed below .

In the f i n a l  se c ti on of Progrann GEOM, the result .:; of
t he ca l cu l a t i ons ar e printed at. Line L~srmn inal. Figure 5 show s
an example of some typica l p r i n t o u t  at  t he  t .er m. i r ial - The
first t h i n g  p r i n t ed  i s a heade r w h i c h  i n c lu d e  a t h e  ident i floa-
t, ion number and the  numb er  of route a . The n tins route and segment
are ident  I fi  ed and the  t h i r t e en  p ar am n e t or a  f o r  that .  route  segment
are printed . This corresponds to one row of ti - me array C .

2 .3 Output  Data  F i l e  GEO

The out. put fr om Pr ’ogr ammi u }-~OM t. o U t  u seLl  I n f’inm’ t m et ’
computat ioiia I:; s t . e m ’ e - d  on d i c k  fi l e  CEO . Fl . Ic i~FO is one o
the I i n p u t  fi  Ic a for  t i n e  p m ’ o gm ’ :  im u I - h: m I c omnp Ut .  cc tine chat-ac 1 c m ’  I :; I .1 c
f u n c t i o n  of’ st -ce  I ved Ito ice , II’ em a::I C l U N K .  rp~~~ 1’! le cent : n i m i : :
t he  ~d e n i t - i ficat i - sin ntum nbex ’ , number ’  1 m ’ o u t . e u ;  , ant  an ’i ’ay N S c o I l t  : m i  m i l m i g
the number of segment :; on each  route , anid t ine a m ’ m ’ a y  ~ ol ’ gco l : I t - i  m ’ ’i cpax ’ame I em ’ :; arid cli i r den:; i t I ec . Table S g .1 ye a t int ’ at- rue t - u m e  ol ’
f i le  CEO .

2—8
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2 . 4 Glossary and Program L i s t i n g
T u e  l’ol t ow l u g  g [ocs . t ry  c out a In s  de f i n  I t  lo in s of the

FORTF AN vat ’  table iname c u~ ed In Progn’am CEOM . The names are
presented ii i  a l p h a b et  ical  order .

AN = point ’  angle  between aen : ;on  and l’oute s e g m e m i t .  end-
point. m n e a s u n ’ cd fo rm n n o n ’ t  ii pole ( In  n ’ad lana ) N 1

C side of the  n o r t h  pol an ’ triangle formed by n o rt h
pole and rout - c segmomi 1. e n d— p o  I l it .  ( I n  i-ad l a n a )  c 1

CO = side of nort . h p01 an’ t n ’I a n g le  fu r m n e d  by n o r t h  pole
and con sul ’  b eat lo in  ( I  in r a d i a n s )  c

Dl degrees  of’ l a t i t u d e  of segment. e n d— p o i n t

D2 degrees of l o n git u de  of cegmne ii t  e n d — p o i n t

G ( I ,J , K )  an :nrr ay  me n s - l oned ( !x 13 x 1 0)  c o m a  a i n i m n g  t ine comm ipro ~~geome t 1~ 1 C l l l i m :lt - t e l a  and ship (ielna .nt- to:; for’ each
segment 01’ O I c h n  rout.e . T u e  I n d e X  K I nd I eat  es the
r oUte  W I i i  :i e ~ l ie  I nde— x  1 i nd i e : i t  cc t h e  ct -gm n e n t -
For a g I ~‘en segmen t  oin a gi Ven l’out . e tOte e l e m e n t - s
In t he  i~’ ~~~ ar e

G ( I , l , K )  = rou te  segment l e ft .  e n d — p o i n t  w i d t h  (r a d i a n s )

G ( I  , 2 , K )  = b 1 a paramete r  used to  model the’ route  segment
w i d t h  envelope .

0(1 , 3 ,K) e1, a parameter  used In  the model of the  rou t e  seg-
ment w i d t h  en v e l o p e .

C (I , ~I , K) s im i  s~~, sine of the  e a r t h  Cefl t - c’red ang ’. c b e t w e e n
the sensor ’  and a segment l e f t  e n d— p o i n t

G ( I , 5 , K )  cos

G ( I , 6 , K )  = tan .!.

C ( I ,7 , K )  = F 1 an int er ior  angle of the  t r i a n g l e  formed by t h e

segment. and the  sensor ( I n  r a d i a n s )

G ( I , 8 , K)  the  a z i m u t h  of the  l e f t  e n d — p o i n t  of the  segment
(In radians )

2—l i
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•1
C ( 1 ,9 , K )  

~ 
i~ an l in t  en ’ I  on ’ a ingi  e of t i n e  I i ’  I zutng l e for med by the
segment . :t i  id the’ sen cur  ( in rad .1 ans )

C ( I , 1 0 K )  l en gth  of t i n e  ceg m ~~’ m n t  In n : m u t  l e a  1 m l I e n ;  L_~
(I ( . 1 , 11 , K )  dezi~ l i v  ci ’ L i r g -  rk ’l ’ ( ’}h u n t  sIn I pa on t h i  a :;egmnent

( s i n  I ps / it . ml 1 0 )

G( 1 , 1.. ’ , K )  (10115 i i  y of sm. i l l  r :o m ’ c~c i m r t  s l i t  ps on t h i s  segnnent
( s i n  i s/ in  - n i l e )

G l 1 , 1 3 , K )  :~ dt ’ns i t ~.‘ ci’ i ’t sh l t i g  v e s se l s  ott I i n i c  s e g n e in t  (ahlpa/
ii . 111 . 110)

1I)N UM an i d en t 11’ 1 e:n i t  cmi  min :nht ’n ’ l’ct’ I ho p a r t  .‘ u l  at’  son cod
rout- c go onto t ry

NH tuinibot ’  of r out e s  ( u p  1-c t e n)

NS an ar n ’ av  d i m e - t n: ;~ c m m e d  10 , e a c h  el em : : t - n n t -  of ’ t l t l c ar i ’ay
c o i n t - a l i n :; ~ he in u m b e m ’  set ’,m e l i t .  a on a r o u t e .

P1 ii

RHO i’adius 01’ I-he can’t h t in n a u t  1 ca l  ml. I cc

SI .A an a r r ay  ci I muo ns  l o t t e d  wh i  ci ~.
‘ out  a ln i c  t he sensor

m t  I t L i d e  a s :
SLA (1)  degre es
Sl-,A ( . ‘ ) ml n ot e s
SLIt ( 3 )  second:;

SLO an ar r ay  di  ;i~- t n s  I uned 3 whi  eh c out a I n c  the sen cur
1 at  it  ude a:;
51,0 ( 1)  dt ’gi ’ ee s
SLO ( .

~ 
) m i nu t es

~1 
~~ 

(3)  at ’ c on d a

Si = Se(’ ottO a ut’ I a t  .1 t mit’ of cc gmen t end —-pc I mi t

= seconds of lon g  I t  ud e of  so gnont .  end --po1  nt-

TEMP
TFMP ~
TEMP 3

TEMP ORAi ~Y STORAGE Lc~CAT 1ONS
Ti
T2
T3

W • longitude of’ e n d — p o t u t .  in  r a d i a n s
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‘WIT = w i d t h  of I’out c si.’g me - l n t  at  l e f t  e tnd .— po ln t .  W 1

WO longitude of sensor  in rad ian s

Xl r n i r ì u t e r ;  of lat I t .ud e  ol ’ segm :mcnt e i n d — p o l  n t

‘X2 = m l n u t  cc of longi  t ud e  of ceg;:it - m r t .  end —pc tn t .

Z t. emporan ’’,’ a t  c i ’a go I oc it. I on

The i i  at  l ug  ol’ t ir e p r og r a nn  Is  a:; l’ol l o w s

P R O G R A M  C E O M ( O U T P U T , D A T I N , GF.0 , T .4P F?~ D P ~T I N , T A P E ( S~ G E 0 )
C P R O G R A M  TO C C~’ 1F UT E TIl E G E O M E T R I C  C O E F F I C I E N T S  N E E D E D  I N
C A M E I I E N T  NO T ~~E M O D E L .  W R I T T E N  1’ FE D . 78 D Y ZE SKIND.
C DA T IN FILE OF INPU T SE b~SOR AND ROUTE DATA .
C CEO FILE OF GE OMETRIC PA RAMETE R S TO lIE USE D AS
C INPU T TO KO RE AND LINE C OUNT PROGRAMS.
C

D IMF N STON G (’~, l3 , 1o ) , NS(1o) ,SLA (~~),SLo (3)
DATA G/6~ 0~ O ,O / , N S/1o~Q/
RAD S(D ,XM ,S) (1 .7L153 ’ 9 2 5 2 E _ 02 ) * ( D + (X M/ 6 0 . ) + ( S / 3 6 0 0 . ) )
R IIO ~ 31I 37. 7tl (~771
P I ~~3. iZl1 5c i~ E514
R E W I N D  ?
R E W I N D  6

C R E A D  I N  I D E N T I F I C A T I O N  N U M B E R
R E A P ( 2 , 1 ’ )  I P N t M

C READ SENSOR POSITIO N
READ (~~, 1O )(SLA (K) ,K~ 1 ,3) ,(sLO (J) ,J:1 ,~~)10 FOR MAT (f~Fu~. 1)
CO :RADS (SI ,A(1) ,SLA (.”) ,SLA( I ))
CO :(PI/ ’ . )—C O
WO :RA [)S(SLO(1),5LO(’) ,SLO (~~))
IF(WO.LT .O.O) WO~ (2.*PI )+W O

- T1~ C05 (CO)
T2:SIN (C0)

C READ IN NUM P ER OF R OUTES
REAI )C’ ic ) NR

15 FORMAT t I3 )
C ‘“‘ DO LOOP ON ROUTES ~~** I *

DO 1010 K :1 , NR
C READ IN NUM B ER CF SEGMENTS ON THIS ROUTE

READ (~~, l5) N S (K )
N UMS :N S (K )

C — —- — DO LOOP ON SEGMENTS
DO 1000 J :1 , NUMS

2—13 
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C RE AD I N  S EC M F NT DA TA FOR LE FT E N D - P O I N T
R E A D ( 2 , 1 0 )  D l , X 1 , S 1 , P? , X ’ , S?
C : ( P 1 / P . ) — R A D S ( f l l , X l , S 1 )
W : R A D S ( D ~’ , X P , 5 ’ )
IF (W.LT.O.O) W (2 .~~PI )+W
AN :A B S (l” —WO)
I ‘~l:C OS ( C
T)I:S IN( C
C (J , ‘ , K )~ T~~ T 1+TlI*1 ’ft CO S (AN)
TEM P :A COS (G(J “ , K ))
G ( J  , ‘4 , K ) : S  I N ( ’ f iO~’}’ )
I F ( G ( J , ’ , K’ ’1 . F Q . _ 1 . C )  GO TO 5
C ( J  , 6 , K ) ~~G ( J  ,~i , K)/( 1 . +G(J , 5 , K ) )
CO TO 6

5 G ( J , 6 , K ) : l , O E ÷ Q o
6 T E M P : T 1 4~ S I N ( A N ) / G ( J , ’4 , K )

G ( J  , 8 , K ) : A S I N ( T E M P )
IF(G(J ,$ ,K) .LT.O .O) G(J ,8, K ’):G(J ,8,K )÷ (p I/2 .)
IF (W.GT .WO ) G(J , 8 , K ) :  (2 .  ~P I  ) — G ( J  , 8 , K )

C READ IN LEFT END -P OINT ROUTE WIDT H
READ(2 , 16 ) WIT
C (J , 1 N ) RA [)S(WTT ,O .O ,O. O )

C READ IN S~:GMF NT RIGHT EN D —POINT POS ITION
R E A D ( 2 , 1 O ) f l 1 , X l , Si , P2 , X 2 ,
C : (P11 2. )— RAP S (Pi ,X i ,Sl)
W : R A D S ( D 2 , X .~, 5?)
IF (W.LT. 0.0) W :(2. 0P1 )+W
AN :AR S (W-WC)

13 C OS ( C )
T11:S I N ( C )
TF MP :T ~‘T 1+T fl~ T~~~CCS ( A N )
I EM P2 :A CO S (T EM P )
TEMP3~SIN (TF .M r2)
TF.MP2:T1l~ S IN (AN)/TEMr 3
2 : A S 1 N ( T E M P ? )
I F ( Z . L T . 0 . o )  Z : Z + ( P I / ? .  )
IF (W.GT .W O ) Z:(Z,’Pt )~ ZC COMPUTE AN G LE I
C ( J , 9, K):AEIS ( Z—G(J , 8 , K )  )

C COM PUTE LEN GTH OF .SF .CM FNT L
TEMPP :G (J ,5 , K) *TFMP+ G(J ,‘4 ,K)’TEMP 3’COS (G(J ,9, K~ )
I EM P :A COS (T EM )
C(J , 10 , K ) :TEMP’Rbl O

C COMPUTE AMO LE F
TEMP2:T FMP 3 ’SIN (G(i 9, K))ISIN(TFMP)
G(J ,7,K) :A SIN(T EM P?S
IF(G (J ,7 , K ’ .LT.O.O ) G (J ,7 , K~~ G (i ,7 ,K~ 4 (DI!?,

C READ IN R I G H T  E N D - P O I N T  W I D T H  AND M A X  W I D T H  OF SEGMENT
REA I ’ ) ( 2 , l ( ’) W I P , W M A X

16 F O R M A T ( ? F 8 . 1 4 )
W I D : R A P S ( W I D , O. , 0 . )

L - - -~~~~~~~ -
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W M A X ~ R ADS ( W MA X , 0. , 0. )
C COMPUTE - : R OU TE WIDT H C O E F F I C I E N T S  FOR THIS  S E G M E N T

T3 :W H A X — G ( J , l , K )
T ’ 4 : W M A X - W T D
G(J , 2 , K ) z  ( 2 . / T E ? ~’ P ) f t ( T ? + S Q R T ( T ~~* T I J ) )
G ( J , 3 , K ) : ( T ’~+ T 1n~ SC R T ( T ’t *T 1I ) / ( T F M P * T F M P )

C READ I N  S H I P P I N G  D E U S I T I E S  FOR S E G M E N T
REA E ) (2 , 20) (G(i , L , K )  , L:1 1 , 13 )

20 FOR MA T( IF1O. 7 )
1 000 C O N T I U t ’ E
1010  CCNTH :UE

C ‘“‘ O U T P U T  R E S U L T S  TO F I L E  CEO ~~~~~~WR ITE (6 , 100 ) IDNUM N R
100 F O RMA T( 1X , I3 , 2X , I3~WRITE (6 , l 1 O )  NS
110 F O R M A T ( i X , 1OI ~~)

DO 115 K :1 ,NR
N U M S : N S ( K )
DO 118 I:1 ,NUMS
WR I TE ((— , 120 ) (G(I , J , K) , J 1 , 13 )

120 FO RP ” t~T ( l X , ’4F:?O ,  1 1 4 )
1 1 8  C O N T I N U E
115 C O N T I N U E
C — —— — PRINT RFSI !1 ,TS AT THE TERMINAL 

P R I N T  200 , I DM UM
200 F O R M A T (  t X / / / t X , 2 ” I I O U T P U T  FROM P R O G R A M  GEO M , 5X , 7UIDNUM~ , 13)

P R I N T  2 1 0 , M R
210 F O R M A T ( l x / 1 X , 1 q I I N U M B F R  OF ROUTES , 13 / / / )

DO 2010 K : 1 , N R
N U M S : N S ( K )
DO 2000 N : 1 , N U M S
PRINT 2?O ,K , N

220 F O RM A T (1 X / 1 X ,6HR CUTE , I3,~~X ,8HSEGMENT , 13)
PRINT 2~O ,G(N , 1 , K ) ,G (N ,2,K ) ,G(N ,3 , K )

230 FO RMA T (1X/ /1 X ,7HW ’- DTH~ , E lO . 1l , 3X ,3H13~ , E 1 O . 1I , . 3 X ,
+ 3HE: E 1O . -tI )

PRINT ~14O , (G (N ,L ,K ) ,L :14,6)
2~lO F OR M AT (1X // 1X ,7IJ S IN 5: , E10.~l , 3 X , 7li C O S S: ,E 1O . 11 ,3X ,

+ 1OM TA N 1/2S: ,E 1O. 1l )
PRINT 250 ,(G(N ,M ,K ) , I ’1z 7 , 10)

250 FOR IIAT (1X // 1X ,3HF : ,E 1O .H , 3X ,3HZ: ,E10. ’l ,3X ,
+ 3HI: ,E 1O . 14 ,3X ,3 1ft: ,E 1O . 14 )

P R I N T  260 , ( G ( N , J , K ) , J : i l , 1 3 )
260 FOR M AT (1X/ / 1X , 114H SHIP DEN SIT IES/5X ,8IILAR GE ,E10.~4 ,

+ 3X , 8 H S M A L L  , E l O . 14 , 3 X , 7 H F I S H  , E 1 0 . 1 4 )
2000 C O N T I N U E
2010 C O N T I N U E
C

R E W I N D  2
R E W I N D  6
STO P
END
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3 . PROGRAM CFUNK

Tine a I -
‘ - h::: fo  :‘ he c a:: . : -a  a: - a :  ic  ~ i s: n : t c  - s

i ’s: a’ t 1 a n n  a r I - e amni no SL - -
~ en - I s O. -: e n ’ .1 1: ’  ‘. I e : , ~ . ~ a:

1’ I ht ~ ~~
-
~~~~

‘_ :‘~‘t ) _’~ . :~t t ’~~- : . : ~~ :: e n -  :‘ :- — : - ::: sal I 0 ‘i- ’ ’0-~ - -:~ s ~\-s It .‘ ~l in:: ’ I t :’:t ’:: a a 1 t a r ’  I ‘. h : :  . :a-::’:in C ~
-
~~~

‘ 

~ c e nt

~ v - . :  I - :  :5 ~- , a n a l  ho :a-~ I - i  :‘ ‘, t I s  c i a s n s  c :  I
I U : s -  t I c n n  a I -  a :  so . c  sc:-ci ’  . h e .  so: - ‘  It a , :t I an : a in  ‘. ‘ s a
i ’ . - n t  i : no : : t  a ‘

~~ i :  - I -,- : :  , m t  : - ~~
-
~~: ‘a :‘ : t , ~~ i ’~~i >:

a .  ~~
‘ t y  I ’ ~’~~~~:r 1)F~P . i : ~~ - n - a ’ - , S t ’ .: a te :  ho 1 1 0 1 - :: 1 V

d~- a . . i t  ~ r~~ .’t i o n : . i t  t s  a s :~-s .~I ed t n :  ‘
t -_ t  L a  - ‘  a t  t h~~s n~ n - a n t

3 .1 Input F i l i’s

1 : ~ : ‘amu Ci- ’U~~i’, m ’ o n O s  -a :::~~ i : - t  -~ 
‘ : - - ‘  - ‘- n t - c 0 1 r: ’~- :- ~- n :‘ I c :

:15 :-  I s a :  n : : : : : :  so ~~ l : t  a e t I n :  - k -c : m  5 . :  _ 1 c a :‘ - a
a n t - t ho :‘I le at’ c:ea:’:et n’’~ Oat a sa LIed -~ ~- .C , a t : : a m a : c c i  as.

los:: Oat  a :0 i~’ r a n ’  t h e  : : a - :u t - : s - v cm ’ a t  t a t - : - ’. I I  I C1I i ’~ a C
he n t  a) amn~1 a t ’ Ic 01’ 1’: ’t ’~~uc: a ’ \ a t -r e :  :0: :: t n - a  :: -n-: ’ ::n on
e,n.l t~~d ‘ h ’ i -

3 . 1 . 1  G e o m e t , ’y F i l e

‘m ” i It ’ d i - 0  1 a t Is-  a n n ’. : n :t :‘ b :tsn t ed b-v  lO a n -  WCY .
at : ‘ns.- t :s. ’t ’ ‘~aa a o a c - t ’ t -a U - a :  l a m :  . 5 :ts ’ve • a n a l  v o n :
Tab- i C

3 . 1 . 2 T r a n s m i s s i o n  L o s s  F i 1~
Ti’:::: s n - n 5:- 1 an l a s s  0:1 t :1 a: a a: v o n :  a t a n s  an ’  ~. as a t  an:

I n to  he cor n - u t  en ama:  :‘ a n -c :  i n . : ~ :0 10 as a a t - i c  of n - a s s —
inn l a s  en l o s s  ni  ~ a Wts .  a~ a I u a c :  an:  a: m - : i : n - ’:a asO Cca: ’i  n: -- .

t h i  a s a r a - a :  en ’  I s - i t - n e::: a ’. t a t :  I t  l i s a  t e e n :  , -, : --1::’a-d t n r a :  ‘. :‘aaa:::l  ,s- I a ’ :
I ass  I a ~ i v o n :  ni’ 10 n : : : : :  ¶ ~‘a I 1 1 0  I na ’ : n s a : ’  a , a ’ a is  :a - . n i t  10

_i t ’l l  : :: l e a  n.’:’t -r. ht s c : n s o n ’  • -an n~ ~ a n - aix  na ’:: a:’ - C C  n : a : t  I c a l
m i l e s  . it - is al so as au r a -~i h a t  ‘. n’s In s : - . : i a:: en :  as : 0 ,  a 1 s
ava  I . s t i e  a ’. t’lve 0 r i ’en ’~- n : n  a: n ’ :n: l  ii n: : : : :  I . Ch a a  ho :‘ , :n : sr :  i s .  L a n
l oss t L 1 t  a 1 s c t a n~ed a:: a a n ’ s  \ 0 1 ‘n t - as  I aat ’c, 3 - 1 1- \ ‘ - ‘ , a Ina n a t h a
n a-wa -  .1 Se a, : :: 1~e I :- ‘ n t -son: : a ,a ‘. ~~~~

- a , .. .1 n : : -, ‘_ 1 , :  1 ,i:s~ o . I l  I t

first i’ow g I yes t ir e a: r a n  ha I nina ’: e ::

The I r ’ a m i s r :  I a - a  t o n i  .1 a s s  I ’ I I ca :um’e  I ,rb ’e l ed  t ’v t n ’ e t l a t ’:ls v .

as  i o n :  lass  n i t  IC  i i ca ’~ a 1:: a n ’ t -d ~ a a f t  I a
l a t c I e d  T I 1 C I I . P at  a a t  ‘0 host : w a : n l ~I b-c at  ar - ed  0: a t ’i ‘ e
l abe led  T I s - C I i  • en  a . The n. ’ I l t ’ t i ar a ’  i n i  I he ~ n ’ag: ’ .: n:: a: ni t  e n : t - n n t
at~ I he i t ’ : :  I :  n: ~ a t ’ : I u s  a c a sp  a: en ’  p :‘a 1’:n ’am r an : :  b ’o c ha ::: ca
when a ci t ’ ‘.‘t ’:’o n i t  r: ’e -1a ( - n :c y I i ;  t a b-c u sed  - i’a t ’io  S gi \‘en ; I he
at m ’uatun ’e a t ’ i-he t n ’ a n s n n n t s a l a m i  l asa  f .1 l_ e s

3 — i
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3 .1. 3 F i l e  SO U R C E

The remaining input Information tnat is necessary for
programn CFUNK is read in from a f-Lie  cal led SOURCE . This f i l e
conta ins  f recuency- .depen dent  inpu t  In f o r m a t i o n  and beam p a t ter n
paramete r s .

Table 14 g ives the s t r u ct u r e  of input  da ta  f i l e  SOURCE.
The file contains the mean and variance of the total radiated
noise for large merchant , small rrer’chant arid fishing vessels
at the frec~uency of in teres t . T hi :~ is stored in a 3 by 2
dimensional array labe lLed ~

‘
. Ti:-’ c” - S e n  Fr -a qu en cy  and fr e q u e n i c y

band in Hz are the  next  lo~~1c al :- : cn r d  on the  f i le . The last
logical record contains  the  benin : : p a t t e r n  pa rame te r s .  They
are the  az imuth  of array broadside , B A Z ;  beam s teer ing angle ,
B-STER ; a beam pa t t e rn  cons t an t  d ep e n di n g  on f r e q u e n c y ,  ALPHA ;
and the main lobe beam wid th , BW IDE . All  angles are in degrees .
Figure 6 shows the definition of the angles associated with
the array pa t te rn .

3 . 2 Main Program

The main program of CFUNK pe r fo rms  the fo l lowing f u n c t i o n s :
1) in i tial iz ini i ’.  a r rays  and set program cons t an t s ;  2)  reads in
Input data; 3) computes initial parameters for numerical inte-
gration ; 14) 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-
ist ic func t ion  of averaged noise power;  and 7)  wr i tes  the resul ts
to the output  f i l e  PHIX .

The following subprograms are called by the main program :

• Z(R ,D) — re turns  a value of t r ansmiss ion  loss
for a given range and angle .

• BETA (Q, QO) — r e tu rns  a value of the p robab i l i t y
dens i ty  f u n c t i o n  of t ransverse  ship pos i t ion
across a route  segment .

• BEAM — a subroutine to compute  the normal ized
beam pa t t e rn  for  a given angle .

• GAMA — a subrout ine  to compute the real and
Imaginary parts  of the charac te r i s t i c  f u n c t i o n
of the gamm a p r o b a b i l i t y  d e n s i t y  f u n c t i o n .

• INCLU — a u t i l i t y  f u n c t i o n  subpi ’ograni which
re tu rns  a value of one if an ang le C is included
h etw~~ n two angles A and B.

These subprograms are described in Section 3 .5 .

3— 3
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3 . 2 .1 Common S t o r a g e

Thei ’e 1:; O u t ’ 1’ l oe l - :  o !’ en:l l m : :  : :t  ‘ C ’ ~~~~ t a l ’e : n  1 : 1 1 1 - l ed  X l L S ; ::
C C-) iI t- 1 I C I ~~ t - i i t  - :t i ’ r ’ : n v  ‘I’L C-) I ’ t~ I I ) !  i: :r nn 1:: 1 - i i  I Oa~: I I . )  t :n  : i r  id i

CC)fl l lh l j i t  t o  t l i t ’  i : i : n  I u i’o~-~n -an n : I I IC - 1  l i t  1 iiii ~’ L on ::inlnj ’ i’ t !~~I’:I1U ::

3 . 2 . 2 F l o w c h a r t  and f ) e s c r i p t i o n

1”l~~ui’ t I p 1’C~u : t - I 1 t : ;  1 i i t ’ I I  (‘l’,(’ ICtI’ t Of ’  t h , ’ m:i  l i i  p i ’~-~- : i - : : I : : . ,‘nt -  1 he
c’ I ’ t i n t - pC’c 1’ I~a1u , t - } i t ’ a n - I ’ : I y : :  ( 1 , N~ :11:11 1 111 i’ t ’ I in It Ia 1. 1 ::~- ‘-l 1 a

I’ ro~- ;i ’ :tu : : t ’t l i m; n aint ,:: : 1 n ’ t - ::et. a:: l ’oi 1 t ’w: :

H i lL )  = 3’137 .Yt k ’f’( l (i’atH IC~~ Cl ’ t ine ~- an’t - h iii
n au t  Ic-a l 1111 1 ~‘:~

P1 = 3 .i 14l 1I 9~~e51l .

Cl, 1,1 =

D EL H = 0 .o0~ Qo~~ 8 j  i’ni di :ninc . ( r : t I ~~ ’;C. ’ 1 i k ’ C ’ C.~ U C ) - 1 l t .

st e p  :~ .i ae ( ‘(j U l  v a l i ’ i i t - ~ ) 10
nauti ca l mi le: :)

PlO = O. i7 1i53 . ),~’ )~ r a d i a n i c . (cq~ni v :i l e n i t - to  10 0 )

The f o l lo w  I i n t t~ite~i~ ii1 . fuinet 1 C C L I  nt i ’~’ do f i  IIed at t he :~t : i ’t
of t , i i e  p rogram :

• RAP S — coin v C i’t :1 a mig 10 I i i  11 C~’1 ‘CC-’S , Ciii  I n U t - c’ an d
~ C C O i i d ~~ to i’ad I all:;

• ~‘!1Dn1’1I — con ipn itcc  nit appi ’ox I fll~tt -  Ion to n ’oul .e  .~~r f l C 1 i 1
width

• X 1 — C O f l ip U t ~~t ’:;  1, lie va l ue  el ’ t he  J : n c , T h  l a i n  o 1 ’ 1 he
t .i ’an: ;Ioi ’n n at -  ioi~ l e t  WC. ’C i l  :1011cC 1’ t ’o oi ’ tl l m l n i !  Cc
and rou t  C ~‘oord 1 u i a ’~ e:;

The p i ’ o g i - a t i i  n ex t .  t ’ ( ’ad: ; i n  the rile Ui - C’ t out-aim 1 1 1 ) ’; 1 m e
g e omnt ’t r l c  p :t1’nimt ’ t o  x ’ :; eounpu t ~5-’d l i i  Pi ’ogi ’ann U EUM and ;~ t O1’ t ’
t h e m  i i i  :n i ’i ’a y  U .  N e x t . , t h e  a p p n ’o p n ’ i a t  t’ I n ’ n i m i c u n i cc l O u  1 0:;::
dat - a .t i ’ead H’oin f i l e  and c t - o i - t - i  in  a i ’ i ’ : iv  Tb .  Tin e  l ’ i  i ’ct
row of TL i s  t’ t ’ tn ve i ’ t - ed f romin  dt - 1 ’; m- t ’t ’:; t o  u ’ad i an :; . 1-’ i  n a il  

~
‘

the f l it ’  ~ C’U E C l -  :1 n ’~-ad . Thic  t’ enup i t ’t en ;  t in t ’ i n p u t -  aCt ’ I. I O i l
of the  program .
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t a t  I ~~: :t; .10,’ 1 i s ’ I IC ,‘ I’ i~i ,  ::‘ , ‘i” Il11I-~ ‘ilii’ ‘ O t U I I  I l i ~ \~t t  I i t t  . - a 1 ’
I hi ’ 1’t .t I p o x ’ .  .“ t ’ 

~
‘ 

~ ~~~~ 
) : t’’ .l t lie vt s I tte 01’ W a ta ’  :11 i” l’ t ’ .i i t t  t l l ’ i ’ t t \ ’

I Hi

I n  t hi’ I i - a l It  I t a t  I It ,’ ,’ I j OM 01’ t lie I ”t ’ 0 ~n’ t C I  , I In’ i’ .’s a l  I ,‘ ,
~~~~

‘

h~t’o~~’ :  s’l”I l I ,K are a H t 1 en I i i  :t I, t ’t le  Fill ~\ • t - t i t l  cl i  I a a. ’ aCl ’ I
in  ¶. It . - n e x t  ,- t i ,’ 1 lo t :  . rilik., ~I ‘1 1’. Ltl,I OU’ .  ‘ ‘ 1  1 1 it ’ ll tat e ‘. h _ -n
a. ;,i’ ,.ti d • arid I l i t ’ ‘ 1’ t ’o;a’: t .a e ’” , I I C ’. elI t’X t ’ c r i ’. 10 : : .

3 .3 O u t p u t  F i le

051’. ‘1~~’. (‘rot a :U’o~’:i’ , t ta  ,‘I” INK t o  he uai~,.I i n  I ’ ;: : ii , ’ : ’  a o t ap t :—
t a t  io t :a  Ut t c : - .’.i on di CIC f i i~’ l’hi \ . Fl it ’ i’lil \ ia  I. he I
1-i le I’d ’ : ‘ l ’o ~ ’. t ’ : t s :  I” l-IN: t .Ie :l,’ t ’  I l” ,’d in tUn’ I I on ~4 ~ .-:‘. ~~ , i t t  I a
il_ it ’ a ,‘aI :1 ina  l i t ’ he_ :d. ’:’ ‘‘IH.~I, I ‘FI t b”i ~C~I I’hC.l Ht ’L I  CU, :, -. ‘ _ ;  a I h.
r i  t a - I  Io~”, i . ’ ,ui  ‘.‘in ’o s ’ ,i . The l ’e t a , l  ada: .at’ he Ic •~onl a 1 1 t h  t It,-
Va lUt ’a 0!’ t h e  an t i 251i ’t 0 1 1 1 l’o ’  1-110 t a t ’ ’C~ I h . o’. al : . t s , hex ’  oI~au 1 1 . 1;  1 he ‘1’I’oi-a I” I 1 1 1 or t :o no U-. ’ 1 li e ~~a t a i  t r ial s :~~: 

‘a :- .- .’
ol ’ I ha l’~~n- aol Ct ’ ‘1”oa.’ t ’  ; I he nsiah,’i’ -a:’ a ,::aa t e  tan it ; ’ .  a ha’ . have
b~~t’ii ,‘ .‘ : ‘ t ’ 1- l :  5. t ’,I t ’oi’ I l t e  Li ’ ”  1 ant i’I 01’ ‘1’ , n:i~i n. ‘ i ’ t i V  Fl I I  c .‘n ‘.;ti::
the ve:t l ant i” . ct ’ 

~~~~~ 1 )  ,ri’.d sc .

Tat” Ic’ ~ r: I yea th .~ at  ati ,’ Iii:’,’ of ’ I’i ii’ l ’ l i l  \ iii, ’ l a b  i : t t ’: I hi’
1’. ~ a- I t  h w h 1,- l i  e~t ,’hi I ei’. ii’ ,t .I rec~”i’ .I tc a a a t ’  i t  t e n.
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3 . 4  G l o s s a r y  and P r o g r a m  L i s t i n g

The following g lossary contains the definit ion s of the
FORTRAN variable nt ta i cs  used in Pr’ogi”.ti:i CFUNK. The names
are presented  in alphabetical order .

ALP HA — beam pattern conn ’.ant whi ch  depet - id s on
f r e q u e n c y .  Pro gram input .

ANG — azimuth al angle from north in r a d i a n s ;
i n i t i a l i z e d  to EDGE 1 and used as angle
of i n t e g r a t i o n .

BACK a z i m u t h  of back beam .

BAZ — azimuth of array broadside ; program input .

B? — 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 dent;ity
function model of fishing vessel radiated noi:3e ,
equal to mean squared divided by variance. Used
as input to Subroutine GAMMA .

B1L — (b + 1) parameter for gamm a probt ilnul ity density
function model of large merchant ship radiated
noise .

B1S — (b + 1) parameter for gamma probability density
func t ion  model of small merchant ship rad i ated
noise .

CF — c parameter for gamma probabil i ty dens i t y
function model of fishing vessel  radiated
noise , equal to mean divide l by the variance .

CIF — imaginary part of the characterist ic function
for f i sh ing  vessel  radiated noise returned by
Subrout ine GAM P~.

3— 17
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C1L — l m t s 1 ’ ;lis:ii’y l a s t  of’ t he ‘ i i t i s ’ t t t ’ t  cr1 at , l~ ’ l’ tiiii’i t i l t

f o r  i t ii’ r : - iii~~i ’ i’ 1 i tUt t  t t h~~p i’:id a t  ed tioi :a- i’ i - i  ui’iit.’tI
by Cub s ’ e i t  I liii ’ U A M A

— .1 Itit i g, I i t t i  i v  pt i  i i  o I ’ 5. hi - ‘hti s’ :t t i  ~‘ i ’  I c isis a ’ I lo is
f () I’  :‘lIi;i i i  flIt ’ I ‘~~

‘ 1 it i i  it II ii 1’ I ’t I ( I  i t s  I oil l i t  I 1 ’- ,  - I’t. t 11 t ’ I i t .’iI
by  h u t  ‘ s ’ t i iL I lk’  (tA N1\

CL — C I t  i ’ t u l t ’ t - t ’l’ t ’ t i ’  t ’ t t c p:’ t h t t t i i  I I t - v ~k ’s ia i
l’ulii ’ t I i ’ l l  o l~ Ia  i ’~~

,’ it it ’ i’ t.’ 1i:t~ t au I p 1 . 1 -  i i  at i’d

1 40 1 1:, ’ .

— (‘ pti s ’ t im ~_ ’ I ci’  l’~’ s ’  ~-:a l t u i n . u  i ’o I ’t i  L i  I i t  v iIC ’ l lh :
V Illa’ I- Ion o t ’ ama 1 1 i sa ’  s ’ , i t t  t C au  i p i i  I ai~ -d
11 (5  i t S t ’

-~ CR1 ’ — s e a l  j a i l  ci ’ I- li t. ’ i’ l i : i i t iui ’ t  c i i  at I t . ’ t ’uni’l l a s s
t o t ’  Li a lt l ii; -: yi ’ h ; h : ~~’ ~1 i’ttiLi at ad l i i ’  I a’  i ’ t. ’ t , 5 . i i ’ l l u ’~ i

by 1- Itu l l us t .  m i ’  UAr-I A

CRU — i’ i’al j a i l  e l  t i t ’ ~l i ’ .ut ’ ; ,’I,t ’ i ’j t : l  i, i ’u i s u i ’t ,‘si

~~ I’oi’ i t t  i’~ a’ mi I ‘C l it i  s i t  s i t  i j ’  I -sal i t i  I cii a

i ’e t.u i ’ t i ed  by  ~‘- u i t ’  t aut- l i i ~ U A M A

CRC — i ’ t ’ t i l pai’t- c i ’ I lit ’ c l it ts ’ : i , ’ 1 ci’ i a t  i a i’ s s i t ~’ I I a s s
los’ s t i n t s !  ~1 t : t ’ i t .’ html- 1:11 1 p iaid in I ed 11 ~~ I h - C ’ l o t  ul ’ t i i - b

by Subi’out .1 iii ’ U A MA

U — d o v it i t  ion t u u ; -~lc l i t ’;:;- i t . - I ’ t - — e s s d  of ’  t i

111 i ’ t t i i  ~~! IC ii h~~ ‘U I I I  I t O l t s  ‘I’ I t.’a I l i i i  ~~~~ ‘ t I  I o t t

PANG — tt t -ii\ al: ’e in lt ’ \ ’ i t I t  l o s t  tiil I ’I lt ’ ~,\1~) 1~ ’ he Ua, ’t.l
n nunie s ’ I t. - t i l  liii i’~ ’~i ‘ si t i t s u

1)A NGL ’ — dcv .l t i t  Ion ts n 1 ’;Ii ’ t ; t t ’ j hs I t t t ’ t o  I’ ’  tit ; ,’d 1 1 ;  i- n J —
f t  i i ’ a t i  a t ’

I ) A NC 1 — dcv t a t  ion  t1i1 ~’; i i ’ a t  c j ’  ~: u  a-i ’ i i i  I he s i t t i  in lohi ’ t a t ’

the beam ptu l  t i ’i’ ri ; S t ’ I t o  1 / l i a t ’ 5. lie ta ’ t int
w i d t h

1)ANG C — ( l e v i  at  i en ~in1-; it ’ al-op a 1 :;e I a I i ’ iian’~l In l et ’: ion
bet-wi ’ i’ti li st s 111  L ie  and i s i , ’ k .1 c i i ’ u ’:c’ I ng a I ‘a ka 1 1 1 , ’

P AN G 3 — d~’v I t s  I- lou tiligi e at e j ’  a I s o  5 . , ’  i c  uia~’~l Ill 5. lie
ht i t ’ I( I)l’tliIl ; a n - i  I,’ I / I’ . of ’  bi’tlit i iv i (It Is
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PAN G Jj — d e v ia t I on tisigi c ata ‘p :;i t’5e to be used in
115 11 1 on 1 , -I a -ou t  h,’s ’ ,’ l-: lobe auud main lobe ,
go1si~’: (S l u t .’ I-t W L CC

DELF — step a i s :  ~ of t lit. - a l’ t ”,urnent C) f’ c i iai’ac l- - r’i st .1 a
f unc t ion  (Aw ) Of’ t~~’ t uu rioi au ’  powe r;  t ’ixc- d in
P~’ L’d’ t ~fli i.e 0 .01

D1’ILI” Q — f requency band of’ i ’ cac  ved iso I ac in Hci’t- a

DELE — Iiitt ’~ i’tst I c i i  at  i -p  t i  sc for ‘ s u I t - a - 1’ act in
i’ t td i t i s i , :  ‘ t . j ; i iv t u l c i i t  to 10 ni. i it i . l ea  cl i  e art h’ ;:
3111’ f t  i,~ i 

-

DEJ Z — CoinpU t ~t.’ t.t p x ’o b t i b i l  i -Ly of t ie iso l a o .

PlO — a prog r am a on s tant .  ~i 11 rad tsns equal t o  10 dogi’ t. ’c a

EDGE 1 — as-t i itauth of left — laus  id et.lg ’  o f ’  main I t  l a  of
bt.’ani pat t ersi ~i n i ’t id I tun a

EDGI’ 2 — animut -Is 0!’ i - i g h t — h t ; s i t . i  ed t -te 01’ m a u i  lobe of
beam p a t te rn  irs i’adi t i i s a

EDGE 3 — aniunutis of le f t—hand ed 1’;e of back lobe t a t ’
be am p a t t e a s s  in  rad I t i l l ; ; .

EI)U It ~I — azi  in - ith of’ s ight —hand edge of back lobe of’
b e a m  pats t- o i n  in rad i t u i t a

F — argument. w of the  c isas ’ ac t  e r ia t ie  fwa ’  Lion of
hi ’am siol at.’ j ow e i ’  ~~~~ 

(

FRE Q — can tel’ l’ s ‘ t. ’qucnc v t a t ’ hand of rca c~
-i \‘ i’d no i at.’

in l lei’ t . :-; .

G ( i  ,J ,K ) — an t i i ’ s ’ t t y  dinient ; ii’i ied (5x 1  3x1 0) cos i t t i  i is :isig t Ito
compu t i ’d t ’; ’of lte t l’I a par ’amime t- c s ’ ;s and  ~ i i , i p dana i t  .1 t.-a
fo r  ea r l  s at.’i’,mlii ’ it t of t ’t ic i i  ro ust  e . The i midt. ’x K
ind i t . ’ t s t e t :  t u e  rout-~’ wil l Ii- the index I l id c a t  0;:

the Ci’t ’,mt.- I IL  . For a given ; ;‘ 1’:r ’ i t t  ( ‘ It  t u L~.~~\ ’e it
r o u t e  1 - Itt. ’ element, a in the I u h  row are

G (I  , 1 , K) — r’outc sa’j”, i n e x i t  left end—po isi t - wid Lb ( iaud i t u n a )  1-,’ .
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U ( .1 , C , K ) — h 1 a j - u m ’ ;  i ms t ~ 
- l o s ’  ii ao,1 lu  imutUe I I ho 1” t i t  t ’  a ’ ~~”,si t i ’l it

w l i l t - l i  (_S l S V t ’ 1 opt ’

0(1  , 3, K) — i’ a j ’ t t s ’ t u s ; i ’ t  t i ’  u~~t- i l  In 5. i t t ’  mcdi’ I t a t ’ l h t ’ s’ et it e

Ct’j ’ti flt ’stl w i d t - h t - 5 t \ ’ t ’ b i t ’ .

U ( I , , K) — a I n  us • a h i t ’ o t ’ t ic ’  t - t t s ’ t  ii a t i  It - u ’ t.’d ;t u t g  1~ ’ a 1
ht ’twei ’ii l iii ’ ;st ’ l t : s , ’ m ’  ttu ~ l ;i ;a’ u ’ t ts i , ’ s t t  I~ ’ i ’ t c u a i — p t i iii

0 ( 1  , , K) — c o a a

U (1 , t , K) — t an 1 ,-’ a .

- 0 ( 1 ,7 , K) — F1 nut i u i t i ’ m ’ Io i ’  t t ~ ig L- e l  t lie t i ’ I : i rt 5 ’: It ’ l ’e m ’ s s t t ’J by
t- hi- Ci ’ S t i n t  ‘ u t  t i  it! the a t. ’ i i ;;t.’ s ’  (iii s ml i s a a )

U (1, U , K) — I I-hi’ as  I unut- I t  o f ’ t h e  L’l’t’ cud —j i’ i m i t  i’l’ u s e
at ’ t ’ I i ; iC ’ s t t -  ( in  i’ad I t i l t ; ;) .

0 (1  , 9, K) — I an i sit ci’ los’ s t s i ~’: I~ ’ ci ’ I lie l - r l t s s t 5 -: I, ’ t ’ t a i ’ i i - d by
t h e  a ct ’Inst ‘ s i t .  aual t. itt. ’ ai’li : ;os ’  . In s ’ s sd~i a m i s s  )

0 ( 1  , i0 , K ) — lengt h ci ’ t h e  ,‘:t ’~”, i ’ii t in u’it iut Ian! m u l be ; :  I,
~

0(.i ,11, K) — dcii;: i L y o t ~ i t s s ’ u ’:t ’ une s ’ t.- l s ; s m i t  a h i m j ; s  o ss  u l t i  ;: an’ t -’,nt - t s t
(shilp;:/n . ml :L-).

0(1 ,1 , ,K ) — de mi a i t  t a t ’ a s u t i l  I miiei ’ t. ’ I i ; is i l  a ls l j ’ ; ;  on i- l i t; ;  a ’ t -Ii ;;t ’ s i t
( au  i j ’a / us .  m tm ~i I e)

o ( l ,i.3, K) — d t ’ us ;; I I y c’ i’ I i  s u i t s 5 ’: ve;;sel;; cli I lii;’. ;:t ’~”,Is ;i ’ t t i t, a l i l j~ ;
1 4 .  lii i I t ’)

01 — a lou i i ’ t — i ’ o u t i ’ pta;: it - I on vat ’  I si ’S ’ I~~ t ’t 1 
umit - ; iaut ’ed

fi’ouiu ii ’ t ’I ertt.l t ’1 ’ t i  Ci’t ’t liti’III

01(1 — I u It  Iii Vf l ,  l ilt ’ ci ’ U I

i1’I N U M  — t i n  !ah ’ss t -  I l ’l , ’ s s l . l i i i  siusubes ’ t ’,’ i’  the  p t s i ’ L I i ’ u i i a x ’
5i’ u i a i ) i ’ / I ’ o U I  e i ’tt ’oilita t~u’y

— fi  ag t ’i’i’ e iiii — 1 ’ I cc a ou sd:1.l, l t ’s i of’ h,’:iusi ptu I t o  i i i

Wile 1’ e

1 i ’N Pi ”  = 0 N ot. t ’i i t l t ’l  l’o ,‘ ,~ i t d ~~ I t o ts
l l’ :Nl )l ’ = .1 l ’tuiil t ’ I u - i’ a c m  ii,! i t -  I on

- -‘-—
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I H FLA G — I’ I t s  
~~ 

i i  acil to de ( c cmi tie hi) a t iu td  whe U 1 o m c  ;se I.
r;imi~’:~’ loop in  u ’ a u t 5 ’:e :1 u it ‘ i ’ t l ’ s i l  ion wlR’re

1HI”l,AG = 0 f_ hi-ui I/C w i d t h s  01’ t b i t ’ i-o ut o Ia
I ems ; ;  I- han 1’,) n .ni

1 I’ii”LAC - 4 1 In upjt i ’ u’ hit i Ii ’ ci ’ w lilt h i t t ’  t ’ it t i  I t ’
IC - 5 ‘~5 it ’ 1) 1’

I hfl-’I,AG — I In II O W t ’ l ’  t aLl  1’ c i ’ a I d t } t  o t ’ l out C

s’~t.’1~- 5 i i c 5 i t

I TES’I’ — 1 ’ I t i  o do I e cmii l i t ’ Ii’ a ig, I i- A NU I Ic a t u m  t i  s ’~ c i ’ ’
st’gmiit’nt , i t t  i i i ’ s i t ’d 1’i’c su l’s i s s a  t - Ie~i lNu ’LU • i- - i i ’ s - c

1’J’l’C’I’ 0 N e t  li t ;:egsnesil
= I l i l t  t ’.t. ’ t ’tis n ’ s l f

I W — I nd~’ >~ c i ’ IlL L t . t j ’  o t t  t t 1 ’ g t s s s i ~ 
- s i t  ci’ c h;ui’ai’ t a t ’  I t  I a

t ’uusa  t i on ta t ’ beam no i ;:t - j a ’ w t .’ a

N ’S” — nuunht.’i’ ut a;t mnp Ic j ’o I nt ;; at - w is i cli t.’htui ’ti~’ I or ! at it. ’
i ’ Ui l i ’ 1. I c it  0!’ l’t.’ ti m mt l t t . ’i a’- ’ power  1;: Ct. ’nlp ut od ; ;: t ’ t  t o
.101 i i i  j ) i’ ,,,~’ 1 s’si im i

N H — f lUni l ) e i ’  t a t ’ T ’ t . ’ t i I ca I, up I a t en )

N RENIS — u1t1uflI)~’ r 01’ t i l  ,
~~~

‘, i t ’ I l- i ’ s’a t- l e S t ; :  [‘01’ ui t t i ;a  ‘ 5 ’  I a s s  I I m i t c  —

gs ’ ;tt - ~i cut  In esi ~! t ’ i s ’ ~’ an at .’

N H I — niumm uhes ’ ot ’ tingle I I cant i im: l it  s i tt u 151  1 e ta -

NRC — uius ultei ’  o t ’ ;uial e I le a n t - i o s im ;  t a ’ t w e e u t  m t sss  in I t.”S’e mid
h;ii’k I cia’

— tsttu mm l s t.-u~ of’ at ig.1 t - l i t ’ sa il - I t.~i s ;; t i  baa lv 1 tahi ’

NR1I — numb~- 1’ of’ ;s si, ’ f _ c I I ~~‘ s - t i  1 louis ; bet ica’s) ha clv 1 et ’o
ausd inn I n  I i’ht ’

— an t n ’ i ’ t s v  d i;;t ’ii;: l oiit’~1 10 , c;a’h & ‘ l e m ne mi t  ot ’ liii a
a i ’m’t iv C out t i  u s ; :  I is ’ ’ n t i m n b t ’ m ’ ;;t ’gsuean ( a i ’S  i a s oul c

NT — t ot a 1 num nt tt ’ m ’  t a t ’ s i s i ~~1 e it  el’;ll ~l i’ s t ; ;  I t s  l i i i ’ t uus 5 ’tl i’
1)4,) loop

— L& ’ m m m pci ’ : i m ’ y at  t ’l’ sq ’;t ’ io u’ ntluni) e m ’ of at ’~”J mle us t a ci ’ a
i’out-e
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I
UI! 1 ( . ‘ . 101 ) — s u n  as ’ i ’ ss y  di int ’ ls ;; I i’uict I (C x 101) ak I oh i’,’lit s i t  us ;  I h ue

i’urs m I ’ umt  eu va l s t t . ~ a t a t ’ I he rca I I i  i’t. ci ’ I lie t ’hi. - i ’ . o t t ’  s ’ —
1; s t Ic t ’u us t . ’ I ~l on ~ I, ~‘) and a al;

i ’ll 1 ( 1  ,K) = i’ u ’al I ’ s s ? ’ t  of’ 
~~~~ 

(a
I’ll) 

~~
. ‘ ,K )  = a

I a .5 mc i v  ‘m m ;  out p ut t  to  I ’ I .1 t ’ I’hlJ N

P1 — 11

— t l t .’l’u’I:I; s’ t.’t mt e pa;: I t i~ ’i; ~‘ti i’ I abi u ’ q1 ; h u t  I a) 1 y
t’~’t 1 t ’ • s i ’ i ’ t ’

— i’auu5 ’tt ’ l’i’ot ’ i s ; c ’ s s a i ’l’ ; ‘ t i s ’ thi ~‘~ - s i t  ei’ t ’ t i t iu1 ~ ii ’ l i t
ati U

— ;;t at cmt ’iil i’w’ia t  to i l  t o  t.’t.’tt \ ’ ’u’ t t m :  1 ‘s; i s i  ~k’~’: ‘C t ’’,;

miii t int e m s  - 5  aid ma at ~l a 1 o sa id ;us ; a

Hlbs _~ — rail I n  a ta 1’ t he O t t  at ls in m is s i t t  I o t t 1 i tt I ii ’;:

— range l’ i’ cni ;sot i ;a ’ l’  t 0 t Iii ’ C t ’ s i t i t ’  01’ t i l~~ , i I  u’

aegm et it  ( t a i l - I  h c c i t t  i’ m ’ t ’d aut ~’:l c lii

~ ,C ) — au array U I tacn:: 1 o t s ’d x C )  cc iU a lu i l  m i u ’t t i to
va 1 Ut ” ;s ci’ I, Ite inc.;;; tatU Va i i i  h a  C 01 ’ t t a t  a I
and lt d .  ed iso Ci ’ l’t ’ i’  1 lie I liree s ;c i i m ’ u’ t ’ m ; •

~t (  I • I ) u;t ’t ii s ~‘t ’ 1 ; im ’ 5 ’: i ’ t ; s ’ m ’ u ’ 1s : i i t ’ ’: t~t i I
t (  1 , ’)  = \‘ ;m h’lamli ’t ’ t a t ’ i t i i ’ :t ’ i:t t. ’j ’ t.’ l i s ; i i t a l t i  p : .

• I )  na sa  t a t’ a s: ;,; 11 “ : ‘ s ’ ~’ t i t i n t  ;s h t l l ’ ; :

~~( , ‘ ,,‘ ) = \ ‘t i i ’ i t i i h u ’ i’ t a b’ a;n,i 1 1  s;;ci’~’1it’,uit ; : IuI
Ut 3 ,1) = mnea ui ta t~ t ’ 1 ;:1 1 l 5~’; \‘ ,‘ ;:s a ’  I
U ( 3  • C ) = ~ai a i t t  m ic e  t.’ 1 ’ t ’ l ;:hi I ui~’1 V i ’ a.’~c I

~ C , l s _~b ) — nut s i t ’ s ’ ; v U I mcii a I ouied ~C x 101 t m ::  ~‘d t ta a c m i i  a iii
t he riniui I c i-: acm ‘in 1. lie tiuml’ t ’i’ o t t _I i nil egi’tt I o t t
o ve r  s ’ ; i m ) ~ ’te part 01’ t he  c - a i t ’ t i  1:sI i e mm a o 1 ’ i ho
ICi ’ t.’ t ’ i t t l  i’hi,i i’ ,so i  c a l  ;;i ii’ !‘i i i ta t  I ou i a l ie s ’e

S1.1N( I • K) = real psi l’l

~;UM ( C , K )  = int ig I uitsi ’y l’ai’t

T I (  3’~ l , ‘~ ) — t iut array d i  t :s - usm ; I oned ( L’l x 5) c o s i t  t i l t s  I nUt I In’
t .i’au;;sinl ;sa It ’ll 1, oat ~ I t i le  i ’ t ’ s ; t l  l u s t  o I, he ps’o 5 ’: i ’a mn

T1’ i — Ci t .

‘‘‘Uhl ii ’ — ‘I’d st i inmnmt ’ e u ’  & ‘ 1’ alt I pm;

_ _ _ _ _ _ _ _ _ _ _ _
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TEM P 1

TEMP 2

TEMP 3

Ti

‘1’2 — Tempor ary a t o i ’ t 5 5 ’;L’ l oc ’t u t  i o i ls

T3

Ti0

Til

V — argumnent for aotls’cc c htt  s t i n t  ei’iat .1 a l’u i s t a t  I t ’li
used j u t  call l i t 5 :  Uuhs’ cul,ist _ ’ GAI’]A ; t.-qut il  t o
w • BP •

1

WI — one half the t-,’ i dt h  of a rou te  a c s _ ’:meiit-

WIDTh — statcmc’ s ’it function to compute an t ipprt.a-t I it i t i t  ion
to t lsc i’outt .e u-s idt h hot coon rou l c u’-c~’:m: o s t t  o l t O
point -s.

X — angle ANG casuvei ’Led to hearst pat  1 can t.’uci’d I s od  ca
ua ed for input, to Subrout- Inc HaAI

XJ — s t a t - t .’ i j st. ’ i it fund ion to compu tt.’ 1- lie abat.’ lut  e \‘ali,le
of the Jacobian oi’ t h e  t i ’ s : -  s a  t ’O l ’ i S s i  ‘

~ 1 on , w ht.’i  ‘c

J = sin / ,‘oa q

X MEAN — c ornpul  ad Valut - of the s :i~’an of i’ot .’c i \ ‘ed ‘ S t . ’ t ;s n
f l O l a c  ~‘O5.-J t ’t ’

X S  — beam s t - ces ’ i  mig tui~’: ie  iv it Ii l’eC l ’ i ’ _ ’t t o  ai’ i’ay
broada lt.lt_ ’ , UC, ’ tl t iC iI’iputi I ta Lishacut I i t . ’  lU -t Al l

XVAR — computed va lut t ’ 0 5 ’ t lie ~‘ t i  1 ’ I t i i i t .’ t.- of’ :‘ct.’eivi’~lbe am i t o h  ae r t . a - ’I’

3-C3
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‘Pit t’ fo i l  ~‘a h s ~~’: h a  t i  1 1 : 1  1 utg ci’ I he !“ u 1R’l’K -i t-I ~‘ t ’,k ’  I ’d ’
the,’ unt il i t  p s ’ c s ’ : m ’ s l u m t

P l I ( ’ G h I A t ’  i } ” b i t l ~~( L l ’ ’ P I t T , C ,I .’(~, ’I’ I . 1 i ’l l , U t ’ I S I ~C i - , P I l 1 Y , T A 1 ’ I ’ 1 : C I ’ t t ,
+

C
C
C r rw ; ;IIAI ’  ‘10 (‘(tP}’ (bTI’ ‘fl !V (‘IIAPA ( ’’ l b ’ l i iU- ’

~
’
~ C I I l , ’ ’l’ j u t a  (‘F b~l”(’~ ’~ VI  p

C tb(~ I UI - ’ AT Til l - ’ t’,Ft , : ’ C i t  W I~1 ‘I’ I I U  ,mt ,INI-t l~i’f It ’ ; i~ . ‘I I UI: 1 U I’ .
C
C 1~ 11’UT 1” 11 l- ’~
C (‘~E O~ (‘( ‘II I A I 1IU ~- (,‘tm ’l ’I’ /1’, l- !lt ”LIi il’l ’l l- ’’FII 1. ’ l ’AlI -\~’ I - i l- lIl t A
C ~h b 1 l ’ r I U ( 1  Ps- ’~lU 1’ I’ 1 I”1t (‘ (‘ i-l l ’ PI’ l-’I’ 1 1  i!-’ s ’~’ l  s t y  h’1~i’Cli f, ’
C 1’I , l OP Ci UT 1 1 NU ‘I’ll ‘ U I :~ ‘‘ T i ’ t t  l.(”l ’- : ’- I~ ’ ‘S’ ”
C S0I1R T b - ’~ ‘ ( ‘U ’ s ’~s J U U  U(~1 ’ I l ’ l  F - ’ l’l P T V l ’  Ut ’ ’ : - l ‘l’I’ .~ , i ’ l l ’ ’
(‘ I’A’l l’ l- ’ b t U I ’AI: ’- t’I- ’l’I” I IS 7,1:1’ (

~‘I’I’I bt l : hIs ,~U L t l _ ’’; ‘t - ’ I b ’ Ut’ l
C I’A I~A 1’ ’ I ‘ I- ’ lU
C (‘ SC i’ l’l!’I’ 1 - 1 1  I’ 
C MI I N C ON ’! ’ (I, ) N U I~ 

a -\ I PA lIT (“I- ’ C b - ~, H Is ’ ‘‘i l ’  III ‘‘I 15 . ’ I-l Id’ 1 1  LU A U
C ( t OI - l } ’ U l ’ !- P P ’i ‘I ’ ll I U- l’II OUlIAP A UN’ THY ~~~~~~~~~~~ -~ ( 5 ~ V A I I I  ‘-

C L IU ~F l ’  A U  IH’I ’ tt ’ l ’ ’l’ P ‘V HI~’ P l l u ’ P A 1 1 1 l ’ l ’ Y b! Il:’- I ’ I’ ’; I ’HOt tI ’s .

C
f’)1~~b : I:S1c lN G (’’, 1 ~, 1 e) . P U ( 1 i t 1 r l I1( . ’ , 1 0 1) , ’-~ ( S , ,’i ,U t 5 i ( , ’ , 1 i l ’t
C0~I N t ’U ‘XI , LUU/ ’t ’ I , (  Y ’ l  ,

[tA ‘I’/l ~~~‘ ‘ ~~i ~O. (“I , rC-~/ 1 0 ~ (t/  , I ’ ll I /,‘OC ~0 , (1/
C
C STtt ’I’I- ’ l”II-’t , ’l’ I- ’t ’NC’I ’ l f l t l U A NI’ l’h i0C1I :’,i” u ’i ’NUTAt ~

’ i
H A 1 ’,(li , \I,’ , U’;~ l. ’( SP’~~,’Ci ,,’ l - ’ ._ U~, ’ \ ( I ’~ ( X I ’ ,’ s ’ L . i i (UI ~~,(i~ \ ) i

W I I’i’I’H ( \G  , h, 1- , X! ’~’’ ; :- \ \~~-~ ( N’~ X U (I” x , ;  ~ Nt : I
X .1 ( H 1 , Cl 1 PU (U 1 U (II I I/ LOU (i) I
DFI,H ~~~~

‘ 
. ~OUUi ’ )- ‘ _ i,)

R t IC )  3 / 5  ~ 
‘‘ ‘( lb (‘ 7 7 1

l’1 ‘-

~ . 1 t 1 1 ‘c”~~’(~ I , m f
TPir ,.~i’1I’)1O~O. 1 ’~’ ’ I’~~ , fl ’” ,’

C
C
C
C 1 1 1 W ]  N I) F ]  LI’S -

HFW I HP 1
R l- ’1~’ I N I1C
H h”W iN Ii
H E W  I H t ~(’~C
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R e p o r t  3b b’t Lb i t  Ih’ i’a ne k a r id Nt ’ s- . miii ii In  t

C Il I A D  TN [“FYI A 1- ’ II 0I- 11 I F :  rd-t o
Ht”A P(  1 , 10)  1 I ’Nt ~ -I , LI I

10 rON’ (i i  ( 1 Y , I ‘
~~ , CX , ] )

IIFAP ( 1 , 1’ ’) N :’
FO IlS-I A T (  1X , 101 $ )
DO CO K 1~ NH
Nt’ US~ UU ( K)
[1(1 ‘l , ~ 1 , N1 !UU
III A P( 1 , t,’ ;)  ( s ;  ( 1 , J , ~-t J 1 , 1 ‘~

30 P0111-I i”I’ ( 1 \ .  I 5h ~.’(C . 1 1 1 )
( ‘ 1 ‘1’ I’ 111 111:

;“o (‘ (‘UI’ 11 , 111 ’

C NEAl’ I U ‘I’ll t5.IC-t  lUS 1011 1 OUU I” ,I’I’A
Ill ’ A P ( C , 0 1 ‘1’ 1 , ‘1’ C , ‘I’ -

~

110 Fs ’lII- ~. ‘l’ ( 1 N , A 10 , A 10 , A ’~ I
IIF- ’ l ’ ( . ” , 0 1 ( ( ‘ ‘ l . ( H  1 , K. ’) ,KC~ 1 ,’’ ’ ;  , L i~~i , ~si )
FOI IUA ’ l ’ (  i ~~~ , ‘ , i - i ’~, p 

I

C
C C C LV! tb I ’l’ FII1 U-T Ri,”,\ ’ O- F ’I’I. I- ’lIC’I’l PI”CIIFPU ‘I’O H A P 1  A N t s

lx) (‘0 .1 — 1 , ‘~
TL (  1 , , t ’ i : N A P S  (‘1’ I~

( 1 , ,~ 1 , 0. , 0. )
(-.0 CO N 1 ’I NUt-I

C III-’A I”  T N S O UR C E - ’ L’i A T A  I”] I.!’
IX) 10 II~ 1 , -1
H I- ’A N • I S (K , i I , S (K , C I

80 FOIII-I A ’l’ ( 1”: , :‘S” ”O . 17 )
70 CON ’l ’ 1 t h i N

Hi- ’ A P ( -I , 1’ 0 ) 1” III- ’ C’ , P1- ’ I 1- ’ C’
II I - A P (’~,~

’
~’~ ) l’_ A ’ i, l)S ’i ’EII ,,41.I ’lIA , h l S,’.’ 11 ’ I- ’

i”OHUA ’I ’ ( u P  1U. 10’;
C -

C (‘OI’I I’I,l’I’ }- ’ C AN! ” It -i 1 (‘,AI ’ A I)FNU iT ’;’ PIINC’ l’ i( ’N PA Ii:’,NY’I ’ F’NS
(I FII O”I UOt 1hI C - i” Ml’AI IU A P P  \‘ A i l T :’~NCI ’ U I”OII I, ’i I -O l - , U’’!s I,I. P
C b’iU l l l I s t  \‘I ’US I’l U

Cl ~S (1 , 1 1/ U -  ( 1  , C )
Dli ’  ~Cl i5 (1 , 1 ’ ;
C U — S ( . ’ , 1 I/U (C ,~ ’)
It i : ; :C Ut U( . ” , lI

-~

l i ii” C F S ( -~ , 1)
C
C C (’N\’F IIT h A l’ , PST I’II ALP i ” WI  I”l - ’ ’b’ 0 R A P I  AN S

ItA ’ /~~Ib A I”t ’ ( PA. ’ , (I, , 0.
1TSTEh ~N IPU ( PU’ rl- ’H , (‘t • , 0. ‘;
lbW 1l’1’~~II A L’S ( PW 101 ,0. , 0.)

C
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 1’PI’ OF INI’IIT S I ’ C T T O U  ~~~~~~~~~~~~~~~~~~
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C I N I T I A L  C A L C I J L A ’ I ’ I O N U
C C O M P U T E  A NCLE I PFOB MA HON
C COMPUTE AZ IMUTH OF M A I N  L OB E E D G E S  E l  A N D  E2
C

EDG E 1 ~f lS T ER — (0. Y PWID E )
IF (EDGE1 .LT .0. )ELGE l~TPI4E DGE l
E D G F 2 ~ B STEFi 4-O . 5~~N- ID E
IF (EIx;E2 .GE .TPI)l- ,I,sGE~’_ rDGE ?_TPI

C F I N D  T I I F :  BF : AM S T E E R I N G  A N G L E  W I T ! !  H E s p 1~:c T TO B ROA DSID E
C AND TIlE STEERING A NGLE FOR SUBROUTINE IIEAI-I ;

T EMPi~~B S T E R — P A 7,
I F (  I~ AZ . GT . P STE H )T EM P1~~T EM P i+T DI
XS~ T EM Dl
Ir( TEM P 1 . GT. P i )X S ~~X S — T P I

C TEST FOIl EUDF J II E CCNDI TIJOU
IENI)F~ O

- IF(XS.E O .PI .OR. X S.E Q -.— PI )I EN D F~ l
C COMPUTE BACK PPAI’! STEEN JI-I G ANGLE AND EDGES E3 All!) E~RA C I<~ PI—T E S ’ P 1

I F ( T E K P 1 . G T . P l ) D A C K ~ f l A C K + T P I
E D GE 3~ B A C K — O .  5*Ei W IDE
J F ( E I ) G E ? .  L T . O ) E D G E 3 ~ E D G E C + T P I
EDG E !4~~B A C K + O . 5~~I3W IDE
I F ( E D G E ’~. G E . T P I ) E D G E ’ h ~ ED GF ,1-l — T P T

C I N I T I A L I Z E  A N G L E  TO E D G E  1 A N D SET A t’!GLE REGION 1 PA I’lIt t- I ETE RS
A NGZE DCE 1
DANG 1~ BW II)E /1 6.0
N R l ~~16

C COMPUTE PARAMETERS FOR R THE REMAI S-IIN G REGIONS
IF (IENDF .EQ-.l)GOT O 115

C R E G I O N  TWO
T El’i P2~ E I ) G E 3 - E D G E 2
I F ( T E M P 2 . L T . O . 0 ) T E M P2~ T E M P 2 + T P I
N R2 ~~I N T ( T E M P 2 / D l  0)
DA N G 2~T EM P 2 / F L O A T  ( N R 2)

C REGION THREE
N R ~~Z I J R 1
D A L G 3 z D A I , G  I

C R E G I O N  FOUR
TEt1P3~ EPGE1..EDGE14
1F ( T E M P~~.LT.0.O)T[’ F’)~~TEMP3+TPI
NRl ~~INT (TEt-IP3 /D1O)
D A N G~I~ TEt’iP3/FLOAT(NR’t )

C COMPUTE P A R A M E T E R S  F CR A N G  DO LOOP ‘

NT ~N R 1+Nfl 24- N II 3+N H
GOTO 118

C E N D F I R E  CASE
115 T E M P 3 ~ T r T — F t W I D E

NRENI) I NT ( ’F EM P’~/D 10)
D A N G E ~~T E M P 3 / F L O A T ( N R E N D )
NT N R 1 + N RE f -~ 01 1 8  CO NTINUE

C* * * * **~~~~* * * ~~~*ENI) OF I N I T I A L  SE CT IO N*~~~~ ~~~~~~~~~~~~~
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C CCIIPU T F T1~ ’ I’ I I C PFPI  L IT? (“F No PC ’] U t ’ , T I - l 1 ’  I’~ I .-’
15111 P-- fl . 5”
I’C iC ’ S,’ K: 1 , N H
E( ’ I tS :S , U( E )
DO 1.’’~ :- 1 , P N1- ’ U
TSP ] !‘~ 1’UHI s 0 ( 1  , 10 , N)  ~ ( 0 ( 1 , 1 1 , N ) -~ 0 ( 1 , 1:’ , K) ~ 0 ( 1 , i ~~~, F II

1 CF C O N  s’ l I t H E
1 CO COI l I’ l l, HF’

Pl- ’I ‘ :I’t ), D I —T St l i  }‘I
C
C
C S F C T I  ON TO (‘( ‘ - ‘PPT! I” F A S t  A UI’ V ’  NJ $ U P F

I’
X V- ’
DO ;‘i’o I f 1 , N T
T l 0 z O .  C’
‘1’ ii :0. 0

C Ul - I , E C T  ~‘ I 1 C l i  PA NG TO ( U~ 1d’ } ’ F N 1 ~] U G  o;: I%’ l J l s ’ S ’  F ! ’ O I L N
C YO U A h 1 ’  1 ? , ANI ’  W H i C H  C A S E

IF( I i- UPF F(~. 1)  (t( ’’j’ tl’i . 3 0
PA ilit :l’,’l NO, 1
Ii- ’ ( IA . (Ii’ . N H 1) PA PG~~P ~, !: ,s C’
IF (  T A .  (IT . (1111 1+ NlIC ’) I ~

‘ ‘ , I ,C :N ’ANL ~I F (  1 A .  S IT . ( N H  i~ NIl :‘4N5-l  3) ) PA i,G:P A 1 :011
GO TO ;‘HC’

C~~0 DA N G : P A S I 0 1
I F (  I A . ( ‘ . t A L l  ) h ” ~\ NC : PA

?~ 0 CC~-l i’ 1Pt i E
C (‘s’N\’ I-’IIT A 1~C INTO EQUI \ ‘A I ,EN I’ P h - A U  l ’ATT FNI I  ANCLI- ’
C F 110W 1 NC’, [“S I PE

X :t : NC —P ILl
• U T .  A l t O ) \ : \~ TPi

I F ( X . G T .  P1) N : X — i F ’ i
C A L l .  i) ! - I A N ( l - I ’ , A I I ’ i ! ’ , X , X U I
DO :‘io K: 1 , N R

1)0 CCI’ I :1, NI2 MS
C TFS’l’ FOP I N C L I S 1 O N  OF S I- ’OU I-’P”i’ F OIl TI ll S ‘i 501.1’

TEN}’1~~0(I , Y’ , N~~-*G (I • O • I-A l
I F (  T I~I: 0 1 .  Cl- ’ . TPT IT F’ P1:T I’ ke I’ l— ’ l’Pl
JT FU- ’l’ :’ ’i NC1.U (c O ( 1 , 1 , I- ,~ • 1’ . v Di , A !~o )
]‘F’( I T I-I S ’!’ . [“C’. I’) 0010 COO

C Cr~~PU’H2 MULT I DLI I R S
Tr :

~
’ PC

~
o ( T  , 11 , K 1 ~U( i , i ‘;~~c~(i , 1C , K’  ~U ( C , 1 )~~G( I , I ~~~, F’ ~S( 1, 11

T i-IN P A  C ( 1 , 1 1  . K I ( :‘~ ( 1 , 1 1 ( 1  , 1 ’ ; + S ( 1 , C I)
1 +0 ( 1 , 10 , I t I  ( S ( C , 1)  * s ( ’ , i ~~~ ( .“ , C )
2 +0 (1 , 1 :A , Fl) * ( S ( 3 ,  1) ~5 (Ii , 1) +5 ( ~ C ) )  

~~~~
- --

~~~~~-
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C COM I’UTE t~N GLE D EV I A T I O N  D F R O M  LEFT EN D OF SEGM EN T
F):AN G— G(I ,~~~~~, 

K )
IF(D. 1.’I’.O . 0)D :I)+TPI
Ti 3:5 IN (1) )
T 12 : C O S ( D)

C C O M P U T E I N  I T I A I .  P A HO E A P PLE 110 FOR TU E G I V E N
C ANGI. E I) At. ’! IN ITIAL 010

IEIFI.A G : 1
Q :O.  0
TE MP5 : (C ( 1 ,7, K )—D) ‘0. “I
1’ FYI ’ ( ’ : ( G ( i  , 7 , K)~- D) ‘-0 . P
TEMP’l :G(I ,(’ , K ) ’ U J U ( T F C - I PP)/S lN (T } ’C ’ IP ( )

R O : A T A N’ ( l ’ IIS ” PT ) +AT AP( Tlll ’,P P )
G I 0~ ,r ’r A L ( T F : s - ’ oP  )—A ’irL (T1-1-I P7 )
W J :0  .5 ~W J  I)l’l! (G 10 ,0( 1 ,2 , K) , G( I , 3 ,  E l )  , G( I , 1 , V .) )
I F ( W 1 . L T .  D E L R )  I R F L A G z ( )
R:RO
TE M P5~~O . O

C LOOP OP RANG E R FOR THIS ANGLE AN D SECYEII’i’
TEMP 6 :0 .O
G J : G I O

300 T E M P 7 : Z ( R , A !-IG) ’ 13P
TEMP8 :XJ (Il , C’) ~P ETA (C ’ , WI )
TEMP5:TEI-IP5÷TVl’1PP~ TE !” P7
T EM DO :T El-i PC +T ES” PP ~T [U F’7 ~T I-C-I P7
IF(II1FLA G .EC.0) GOTO 7~

()
C INCII I-.WEIIT RA N GE ,

IF(IRFLAG .EQ. 1)R:R+DELII
IF(IRFLAG .E Q.— l )R:R— DELR

C COMPUTE H F ’?,’ GT , Q1 , WI
TEMP7 :G (1 ,5 , KY CC’S (P )+G(I , ‘I , K )  4 s 1 N  ( I IYT  12
TEMP8,::ACOS (TEl-I P7)
TEM P 7 : A S J N ( S T N ( i ’ ) * T 1 2 / Y I N ( T F : t I P P ) )
G1:ATAN(CCS (TI-;I-: P7—G (I ,7 , K)  )

~~T A L ( T~-’ -I I P)
Q :A SIl l  (S is :  ( T E ~,l P 7 — C C  1 ,7 , K ) ) S III (T El” I’~ )
WI:0.5’l-,’IN’TH (GI ,G ( I  ,2, N )  , G ( I  ,3 ,  K)  ,G( I  , 1 , K ) )

C TEST TO S E E  IF P EW V A L U E  OF C’I PUTS YOU O U T  OF
C THE ROUTE S E O U l - S I T  E N V E L O P E .

T E M P 8 : A B S ( Q ) — W I
I F ( T E M I ’ C . G E . O . C . t, N D . T R F L A G . F C ’ . l )  GOTO 370
I F ( T E S ” I - ’O.  G E . 0 .  0. API ) . I I I F L A G .  EQ. — i  ) GOT O 350 -

GOTO 300
370 R :R0

Q:0. 0
G I : G I O
IRFLAG ~ — l
W J:0. 5’I-.’IDT I! (GI , 0( 1 , 2 , K )  , CU , 3, K )  , :(I , 1 , K ) )
GOTO ‘

~O0
350 T 1O :T l O + T I ’U P 5 * T I ’ l - P 2 * P l I L R

T 1 1 :T 1 l + T I - U P O - ’TI - ’UP3 ’DELR
220 CONTI N UE
C ELI ) OF SFGM !- ’ Ih T LOOP
210 CONTI N UE
C EN!) OF ROUTE LOOP
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ti ’ t ’ roll I c , ~~V t,  w ho i t .’ 5- ’ .1 V as s ~‘u t - Ill c t - T O ‘c ,: p - -
- ! c in

t o !  1 : 1 5 1 : : . P c u ’ S  it.’ ( l i t ’ hal  I’ — ,’,’ i d )  Si o l ’ I h o  S t I l t  C. ’  ~~V

qo

Tliei’ s ’ l ’o I t ’ , I l i t ’ ~‘ s - ‘ ‘ n t - ’ 5 1 1 v o 1’ ~s ~ l i I p he I s  p .  [ ‘ s ’ : II I s ’S is ’ tl 0~ 1 V 5 Os  -

t- lst ’ list t - l - v : ~ I —s] p I V

iu i . ’e t ’x:Is ’ t i l l  ‘t’ I ’ u T l:lt ion 01 ’ Vi i  [ p d i  V t  i’S I’ssl I 05 IV It ’ I ’ t ’’V V  S lit ’
0t~i~I(I ‘ U VI I  I l’I’ t in ” s ’ o u t - t :; I V S i ’  L , ’ iV a  I I : t l ’ It ’ 155 p n ’ t ’ ’.o - Ii , a ~‘i ‘ t ’I’O 5’ 1 11 y

dt ’i IV  i t  \ ‘  I l l s  i~ ’ I I o t t  i : sis V I  (‘(‘ 1’ lit ’ V s ’ll 5 0 iii~’~It.’ 1 t in’ iiis ~ ’ c i t  :1 liii y i s
s ib  I p [~ s ’ 5 i  It  I~’ss w i t - l i  iii I-lie 1 0(i) 0 0 l O t  ls F . ‘tn , p ’ i ’ t ’ o~~’ t ’  s i t  t’ ~S st ’ O’c
I V I c  I t  t o t n t - u, 1s t ’ 1AI ’l’l’A 5 ’l ’ t ’t’:sl ’ I I i t  v s i t ’I I : :  Il y l’s s l i t . ’ I t ~si w i s  Is I lit ’

I ’ l l  ‘1 LOs ’ ( 01 ’  V I I  Ut’ 5 5 b~’ I i i  V t ’ I t’t ’s t ta 1 t 0 I’S ,’ . ‘t’ t~ I 5 ’- t5 t ’ ISV % Y l’ l l i  I t t  015
I V  V VI !V I ’ I - I ’ It ’ :5 ( ’~ ’ 1 i t  I t  V nt. ’ : i s s  V l I l lt , , w l i i t . t h II ’ t.’ l is ’V t ’ll . lS i  I Ii’ ’

t ’ t ’ lul ci ’  01’ 5 lit ’ 101110 , Lit ’s ’V  I l t ’t- i ’ S V s ’t ’ tu lt ’ V [ s I t ’  t ’l ’ :1 s ’oi i t  o t ’V d l ’
(- l ie o he r  . ‘11 st ’ 0 t ’ II : 5 1  y ii i to’  t I Ol 1 1 0 Pt.’ U V ’ O  l’ s ’ V s ’ 

~ 0 ’-,: ‘ ‘ , ‘ , ‘ I o s
l it ’ l’ s ’ V V S lit.’ t ’ o i s s  t ’ I

f 1) ( t i )  
~~~~~~~ 

(l_ ( 5
1:l t.~

)

0 

~~ 

2 

los’ —L I e 
< P

0 • ot,hierw I

l” I i l l i S ’ s ’ ~ 5 11005 — a  i’i~’i ot ’ h u t ’ dt ’ is: : i t y  F ts l s5 ’ S lo l l.

~1- ,~

- 
~ 

‘ 4:,o ~~~~~~~
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f
Q 1  ( q )

i .875
2~l ,) 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

ROUTE
CE NT LII

R O U T E  W i D T H  W

F I G U R E  9 A c r o s s - R o u t e  D e n s i t y  F u n c t i o n .
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Report 3654 Bolt Beranek and New m an Inc.

Func tion BETA was w r i t t e n  in FORTHA [J to r e t ur n  a v i t l u e
of f Q ( q )  f rom inpu ts q and q 0 . The cal l I l l s,l V u q u e r i u c - t ot ’

I t h i s  f u n c t i o n  is BETA (Q , QO) wlic i ’o

BETA — fQ (q); returned value of dennity f’uncti .on.

Q — q in radians

QO — 1/2 route  w i d t h  in radians.

Figure 10 p resen t s  the i ’J u l n ’h a r t  lot’ FLll. ct ion BETA . Jil t .’
func t ion  listing is as lolluI ,’u :

F U N C T I O N  R E T A ( 0 , 00)
C T R A N S V E R S E  S h I P  PUS I T I O P  D E N S I T Y  F U N C T I O N
C BETA R E T U R N E D  V A L U E  CE DENSITY F5Th(’TTON
C Q A C R O S S — R O U T E  E A R T H  C F ; T F l ~FD A N G L E  ( R A D S . )
C QO = ONE H A L E  THE R O U T E  W I D T H
C

B E T A = 0  .0
I F ( Q .L T . - Q 0 . O R . Q . G T . Q 0 )  R E T U R N
BETA = 1 . 0
I F ( Q O . E Q . o . o )  R E T U R N
X :Q/QO
X l . O _ ( X * X )
B E T A = (  1 . 8 7 5  * X * X ) / ( 2 * Q O )
RETURN
END

3-37
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ENTER

BETA = 0 . 0

No
q — q

0 R E T U R N

Yes

BETA = 0 . 0

I s
q0 = 0 Yes R E T U R N

No

BETA = 
1.875 

[i - (q/q ) 2] 
2

GEN

F I G U R E  10 F l o w c h a r t  f o r  F u n c t i o n  B E T A

3-. 38
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Report 3654 Bolt Be r a n e k and N& ’w m an Inc .

I
3 .5. 3 F u n c t i o n  INCLU

Thi . s~ fun c t  l o s t  is ; used to dc-t ci ’inine If’ alt ; itp ’~lC C In
Ii~ ’ llss! ’ .-d bc’tWe -ll aligles A ; t i s d  B. AnGion It , B soul C a r e
a :- : i n S l l t - L 1 l  ; i I i ~’;l~~:: LII i’ss d Ltnis - . i t  is a n u u l : ’ - s !  i - la P  A 0’- aLiay:;
cou nt ( ,’l’  c i  0:1101 0 1 1( 0  5) . Thc- calliIIi r, n o q u e l i c e  ~ s;

INCLU (A , B , C )

whore

tho l -t ’P U I ’ f l L ’t i  va l ut ’  of  I N C L U  = -4- 1 if’ C is included
b et -t’s c’en A and B , and n er o  ot l s t ’ i - w  Inc .

Figu re  ii pres’ t ’s s t - :; a f lowulisir t  I’m’ 1” UNCT l O IS I GI ’ PSI . Thsc’ li. SIJ 11 5

of the  f u n c t i o n  I V  as fol I ol- ,’ V :

F U N C T I O N  I N C L U ( A , B , C )
C F U N C T I O N  D E T E R M I N E S  I F AN GLE C IS I N C L U D E D
C B ETW EE N A N G L E S  A A N D  B .
C I N C L U :  0 IF NOT I N C L U D E P
C INCLU :  1 IF I N C L U D E D
C

I N C L U = 0
1F ( E s .G T . A . A r n . c . G E . A . M : D . - P . G E . C )  I N C L U = 1
I F ( A . G T . B . A N D . I I . G E . C )  I N C L U ~~1
I F ( A . G T . B. A N D .  C . G E . A )  I N C L U : 1
R E T U R N
END

3— 39
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ENTER

I NCLU = 0

I s
B > A

a n d B � A Yes

a n d B � C

No

Is
A > B

and B � C  Yes

7

Yes

F I G U R E  11 F l o w c h a r t  for  F u n c t i o n  I N C L U .

-

. 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~
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3 . 5 . 4 S u L r o u t i n e  GAMA

Th i n  :“(ll\ l’OUI lIlt ’ t’ os ;u’t I t  t’:: I bi t’ rosil :isisl - 5 1 1 : 1  t ’~ 1’~ s ’~ ,- i ’ ht-
c h;i !‘Vs ’ t , l ’  I V S  .10 l U S t ’ S  i t ’ l l  0 1 1, lii’ j ’ ,5 15 ,, . 

~ ‘ S ’ I’I - I  Ii I ‘ ~ Us ’l~~’ IIfun e  t I cii . ‘l ’lss ’ ~,s: , , t ’ r’ol : sb  I J i i  V s l t ’ 1 i 5 5  i t  v r u n , - S 1 - ‘s I 11 :: s 0 I, o
nt  ;st I~;t I ~ all v I , 5 ’~i t ’ 1 t l it ’ l, t I I lii V litfl V t ’ S ’ i’~. ’:;i s n’ 1- ,. ’ Li; SI V li
Tht - chiai ’nc ’ t t ’ l’ ,I :0 Ic t ’u l i 5 t 10 11 1 s ~ u ’: i Vt ’I1 S y

~~(w )

w ht ’ i’t ’

1’ = i~

t’ 1 1 =

= [‘It -sin

(1 = \‘ ,L  I’ I SSllt ’ t ’

ui -id j =

The t w o  p;t i ’a iuot  t ’ l ’ V  C s inO ~ 4 . 1 , ~
‘o t - ;

~ ’~~ ~5l in t i lt ’ 101 ii
fr ont t iSt ’ : ; OU ~~ 0 lIlt ’ ,Il i 151 id 1.11 ’ sV ~~ ’ t ’ , l iF t 0 1’ S) V 5 0 5 SI t ’ (0 ‘ ‘ - on ’, S o t ’The (‘lsal’ac i t ’ s ’  I 1 c t ’u l i t . ’ 1 .10! I 0 1 1 1 1  I’ S ’ I’, I’l l I to III S t ’ 1 1:5: ~ sO
i’eal s~ ii~ s isIia 1’Si s s s i i ’ y  i ’ 1I1’5 I S V

I~~- f i
Rea l  

~
‘ (ce ) = 

- - - 
~~~~~~~~~~~ ( 5 ’  1)  i \s’~ ’ S : : s ~ ~~ i ’ .‘ )

‘[~~~~~

.

~ ~~~~~~~~~~

IlIlsi —

III 4 ’ (~~i)  = 
~

‘ 
sir— i ( B  4 1)  :\l’ s ’ S  Ill 04 ’ -

‘
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Re p o r t  31’ L’ -] lio l t S e t  t i l t - p. ~ind ‘0 - i - , a ti Inc

- t . s  I I • -~~ i - s t ’ 5, ‘ I C y  , . 1 1 5  I’s ’Il t I 10’ 1 n~~~A [:A (1” . C
Ch , C l  ) t i  ~~~

- ‘
~~ I, Pt ’ I li: ,sS  V l i l’ t ’ .

~~l’ 1 I i l I s i 1 1  u’ t I s’’ s , iI ’ lIs ’ t t ’t ’ i V S Ic ‘w ’ : I 0 ’s ;

= p z s x ’ . s i : s ’ S  t I ’  5 ’ o S ’ I Pt ’ ~~ i ’u’ : , : so : 1 1 , ,i~, - o ,  - I’, ‘~‘ ; ‘ ;s ’. i~’ 1  1~ ’ s ,

5 ’ t 1 I’~~’’ .
~’~

I Si t ’ s ’o : I . : s ;  on

I_ is  = i’ ~ ’ ,0 10 : 5 ’ s V ’ S s’ l i~~l’nt ’ s ’ .’ t  S c  I ’ ;, ; ‘ S I t ’ S ;

(S I = ~~~~~~ , 1 ~- 1 ’ I’;,o,- : o’ S s’IOI ot - c 1 1 1 1 0’ ) 1 01

I’’ 1 4 ”l : t ’  S .~ ~‘ s ’ ~. ’ : ’ oF t  :~ S i  I’ I t O O  ‘ 0 1 ’ ’. S ’~ ’ 1 ’  5’’ :5 ’ ‘O t t S l i s t  0 A1’IA .
1 i V t  I ls ~’: tO ’ 1, ‘ I’1’ t ’ lII’ t~ S I s i : ;  So I I t ’ t - ,’ V

S 5 l ~l 15 ’ I~T I N I - ’ 1 A ~- A  ( 1’, , C , f” , CII , ~~
C CcI-’Pu-r F s- THE C !’~ F I ,,: :5 R 0 ’ - ’ r I c  I-’ I, ’ N C F 1 5 ’’ , (‘ 1-’ C,’) t- ’ ’ ’ S  [‘ I- ’SS .I I’l ‘1’
C W : FRI - s... I N  ~A I’5 .
C C: I ’ I t I ~ , t ET Hi  C ‘S I ’ r N S I T Y
C I”: [141  ; , R . ~t ’ [- ’o II SF D E N S I T Y
C C R :  R F ~, l ,  P I N T
C C I :  151 -151 N -I N Y  I°’~ I T

X :W/ C
A : ( 1 . O / S C [ i 1 ’( l  . C - . X 4  , \ ) % ~~p
Y P A T.’5 I - ’ C X
C R : A *  f f 5  ( Y ’ )
C I:A~~S IN( i
R E T U R N
E N D

~ -i~ .T ‘

~~~~ 
- 
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3 . 5 . 5 S u b r o u t i n e  Beam

In 5’ oct .1 on . 1 of PhI] P c p o r ’ t  3 u ~ 3 a s os ’ s : ,. ’ llOyd beassi
p at t c i ’t i  nsodo l  w a n  d e s ; u s ’ : i S ’ ’ d  ii  5’. - ’ :; .l. 1 . Thu r i O l ’ S O l J i  : ;s ’d
t )(- s1l11 ] - ~~t t t :~ ’ll v~~1uo~ i s ;  t i e  , - s i ’ - c I I i  5 1 1 0  050 -111 [~~ ‘05’1’l~ui , l-5’u_ 1’~ ’
it  is uVL- d to w .-1 1 ’h t  t l i c  t r : t s s : , s O  n o S o n  l o s - n  v a l u c - .’-

This  SI I1  i ’outi  110 S- ’OV 5-0 . 5 t t i , - i i  t o  c U O I ’ s I t C  t~~c’ I I c l ’r n a l l n e u
b - ’lsI; Iiat~to.si’ Il 11: 5 ) - h - i .  ‘i i( ~ ca liJo If) VV’O U C fl CC L V  SUB R OuTJ ’’ i”
BEJ~[-~ ( }~P , I~L i ’ S I 1 ’~ , ‘~, 115 )  t ’5 ’s ’ ’ i~~,

BP = ‘s’ n lu e  of flOJ’flVil .i ScsI S eas:; I-nt tern Pc be s’ c tu rned

AL i BIs va lue  of t’ n equency  dupC f ld ~ i i t  c on : s t a s i t  t ’ ;li J c-h is a
p t ’ ugr arn  l I l j . 05.

X sln ~33. e 151 i- nd i. ,00V i-:Jth respect to array br oaon ide
in s-a s i ann , i- LI cli is an input to the niai. ss pro f5r ’;sss .

Figure 13 l i ’o n e n U n  the f lo ” c l i ar t  for  SuL’ r ’out i l le  I3LAI- . A
l 1 Vt i l i~ 1 is an- f o l l o w s :

C
SUBR OU T I N E  B E A M (  P P , ALPHA , X , XS )
P1:3. 1’ 115 q2 E5
B ETA ~It LPHA * (S IN (X )— S IN (XS) )
I F ( D E T A . E Q . 0 . )  GO TO 150
A VA L :A 13S( F ETA )
I F ( A V / I L . G T . 2 . )  GO TO 100

-

- 

IF (AVAL .EQ. 1 .) GO TO 200
- ; T E M P 1:S  I N  ( P I * P E T A )

TEM P1 :T E M P 1 * T f ?’ P l
T E M P 2 : 1 . O / ( ( P I * F E T A ) * ( 1 . O _ B E T A * B E T A ) )
BP:T EM P1~~T EM P2 *T EM P2
GO TO 250

100 B P : 1 . O / ( ( P I* E I E T A ) * ( 1 . O _ B ET A * B E T A ) )
BP :O. 5~ [1~ * [ 1~
GO TO 250

150 F ,P :1.
GO TO 250

200 E3P:0.25
250 R E T U R N

E N D

3_ I]
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Re po i’ t 3654  B o l t  Ut ,’ r a n c’ 1, a r i d Hr - i -m a  i i  I nc

4 . PRO G R A t-l DLNS

The f inal cot i ip t i t c i’  ‘I’ s ’; ’Il’lllll III t il’ ’  s h i l l  I(5l 1’ ’ l iS aLIen t ; l ’ LIlt’
Ai:ib lt ’j  it [ d i i :  se  IC I ’  I 1:: l’ l’ tfl I I III-; 1 )1-1115 ’

Ths - A tt ihj  out  Id’ I us ’  Mod’ ‘ ,l s s - ~ ‘O t i s - - : ~ t o  o u t  i — i l l  ‘5 :it - I :‘- 5 1 s s ; i  I
liio ,l : 511  1’Ol; 01 ’ t. li t ’ uio I :a’ I’( S’:s’l ’ :tts I - i i; out put ut :i Cs -

rfh I I ts ’11S - Oi1’~ ‘V  t l~ t t lSt’ t ’ 0 I ’ i t l ’ t ’ ~ ’ ’ V t I i”’ 5 - l i ’ - 
~

‘ I - ’h: lbJ I H s, th Vi:: 1 5  1’
f t i r i c  t- I O Il of’ ou t . i ’u t  rio s t  ~~s co I’  ( i i i  p~ 

s a t  - F)  , S l i t ’ sI ~ fl - 11 o
f unc tson  of o i ls  1’uL 110 1 V t ’ s IC- I’ ( i i i  s j ~~ i ’ t’/’- ,’’ i t , t )  i~~ t Ii ’ ’
d i u ti ’] i - u t I t ’ l l  [‘t i l l s ’ S  1 oI l  of t ’ l l L } ’ l i S  lull - i -  I’s’s’:t’l’ (Ui sib)

P1’ s ’ 5 ’51’ILlll 1) 1CC’ s - I t ]  Cu] a t~~’s ;  Liso ‘ I’ s ’Hih .i I I S  ‘
~‘ den:; i t  y f ’ si s s e  P 1

I’oi’ P h t - bs ’d l I i Is ; i ’ i IS~’1’ 005 5 111. l o’ [  s ’- s ’  ps5S-: t ’I ’ I’ l ’ OSfl t i i t - i t ’l l1 ; - : : s ’ t .  ui I S V
( ‘ i i I t i’ l t V t s’ l ’ l V t ,  I t S  t i t l i s t loll . liii I I I V ’ ’ I ’ :’-’ ’ S i ’ : I l lV t ’ o1’I:1: S .i osi ‘-s ,
dt .’I’Ivt ’d anti d i V s ’ ti, ’- V S ’ sl ..i 11 5 - - - C S  .5 s~ I i  ~ . i ci’ C h I N  IC ’ - J I t  ‘ 1 - 1  30 .

sk ’j is: I t y  futic P1011 i s ;  I’ t’Ulltl ;i:’- a fui i t t  I cli ot u’ \ ’ O - l ’  5 1 - a s  t ) :usi
another  ISV a fitn5 ’tJ on of’ sit s “s ’s :st S ) . 1s , ’~~ • 

S hi ’ H ’s .
c a l cu la te : ;  the  0 . 5 :;t i’ i tu t oii i o s -P l s V l  t i l i  t i C )  S n I n  S Cs O I , : i S

p fu t i s ’ t l O l l  I l l  ~ O WC1’  . ‘1110 l’1’0f)i’alIl i’(Ols IO 1 11 1 1 5  s l a t si 5 ’ ;’os:, S li t
p i ’ t ’vk ’u :; I Ii’ sSl ’ s ’S’ltu ’(i d i  V k (‘ .1 . 10 i ’iII X and I I ’  115 15 t i i t ’ S t - V U  I i
at the t s O ’ l S i  1051 .

4 .1 Input D a t a  F i l e

rillie input dat ,:i I’ui’ l’ i’o, ”,i’am P1-INS IV rs’ .ol l’I’ s I:: 0 1 -  ~: 5 ; S i  1~ ’
Flu X .  ‘i’lie ( ‘os Itc I lt s :  a lSO :;t i’Us ’ t’ i l I ’o of l,Oi~ i C l i I l t ’V ’ ’1 1’ , ’t ’ o I ’,i:; 1 5 1
file F l U X  W t S I ’ o  dCl ”s ’S’ ib,” i  in Sod i on  3 . ~l’ s ’\’ ,’

4.2 Main Program

Tin ’ nia l i i  pi’0 5’;i’ain s i t ’  D[’ INS I pe i ’ f o i ’ s i t o  1- hi’ f ’ s ’] ]  e a l  ii~ ; t ’ i l ; lsO S o i l s :

1) ~I n .i S - i siflsse s i t - r a y : ;  and V e t ,  pl ’05 ; I ’s r: c o u nt  a lit- : ;

2)  , I ’ t ’Ot l : :  i l i p s i t  dat - a 1’~~s isi file I ’UL\

3) ctnnj ’ul to ; t ,bni I’ t ’ t l l i  I FOCI Is 1 ’ s ’ hs a t )  1 1. ii y deus; 11 y
and sl :;t;rit’iit 1 011 S t I l l s ’ t~i On :;

- 

~I ) p1’ 1 u t : :  P i t s ’ l ’ t ’:;ii I t ~:; s~ t Liii’ S 011111111S 1

I’ i ’ s ’ I ’I I’afll Dl-N IS 011 1 .1 V t ,iii’el_’ ~~tt b t ’ s ’Ut- 1 1100 I ’ i’ oni S l i t ’ 1101111
- 

‘ 
pl’ t ’5 ) l ’ I IU tiut ’ I l1 ;~, i t - : s  OXt ’CU t- loll . rlt l5s~:.(~ :SUBI’ t i t l t -  l t s ’~; s i t ’ s’

• U~T — C : l ] . ( ’u I s t t - t ’u t he  I nV s ’I’ s ’-c’ b o i t i ’ i  t ’1’ t l ’I l l l: ’- t ’
V ’ i ’ l t l , t i \

a t’; i  Vt ’l’i v a l  ss~’ s’f X I’ i’oni l i lt ’ rea I p u t t  o l ’ S l i t ’
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• P O W2DB — C oi iv t ’i ’t: ; a. p r o b a b i l i t y  dui~~l t y  f u n c t io n
in  ~~oi-i0T’ ‘into a probability density f u I l c t .i o i :  in
db/re/watt- .

• DIST — Cal c u l a t e s  tln o d l  s t ri b ut i on  f u r i c t i r - :  l I t
po~-:es’ l i-cut sti i npu t  d en n i t y  f un c  t i on  I i i  J u l - l o t ’

no subrout:i tiC- S lLI’C cleoci-ihed ~ I i  Sec t]  O l s  ~h .5 bcl c~’,’

4 .2 .1 Common Areas

Program DElIS 0s1L1- :cs use c~ 5’ one c orr imon ar ’s: a c - IS ]. led C C I I
COi l contain:; t h e  real  array H , a real eonotant DCIP’ .-J . , an d
an integer’ const an t  JiB . CON is un ed  by t he  u t i l i t y  n u i . —
routine IFT . Array E corltaiI~s the real part of a uhar;&cu-ist ic  f u n c t i o n . J iM in  the  isu:;her of V :~s ; s J ]e j o I n t : ;  in t he
charactei ’i ss,5’ c f u n c t i o n , and DELNJ is the  s am p l e  1°  h i t  V~~~-hc i l i f ) .

4 . 2 . 2 D e s c r i p t i o n  and F l o w c h a r t

Fi~s ius ’ c  li-i present s a flowchar t  for  Pi ’og,ro;:s Dl5 ’D ’t . ‘i’hie
program s t a r t s  by i i ;  I t i ali n i n g  c o n s t a n ts  arid arral ’ , : . lJ0 ,\’l
DENS reads da ta  from t he Inou t  da ta  f i l e  i~l l1X . ~i ° o se I P o l i o

H are the huader; an identif’icatioa nun-her , center  t : ~ u ’n c s ; t ’y ,
and b a n d w i d t h ;  the beam s t ee r ing  angle and m a j o r  lobc’ s-; I ciP }i;
the to ta l  mean number of sh ips , the  pr ’ oh ab i l ]t ~y OI” ’~lU 

ViO jVO ,
the mean noise pow er , and the  va r i ance  i ni no ise  ~ower ; thenumber of sample po in t s  and the  saui ~. le spac  1115’ 01 t h e  c i i n r a c 1 -~~r’—
is tic  f u n c t i o n ; and f i n a l l y ,  the real ~s as’t  0 1 ’ t h s ~- charac tr ’:- i ~‘t~~c
func t i on  stored in array R .

Now , the f i r s t  of three functions : is calculat d. The
f i r s t  f u n c t i o n  is the p r o b a b i l i t y  dens i t y , f ( : ’ I ) ,  f or  t h e  n o i se
power  at the output of a b e a m f or me r  (in pot-i tis’) . T h i s  func—
tion starts at X 0. The calculation pro c- es - so in S we
s t eps ;  f i rst , the  c o n t r i b u t i o n  due to an u n p u b - ’ . at
freq uency in removed by s u b t r a c t  i 05’ DELZ FF 0111 each  elc1ns ’~s S ot’

I- - the  c h a r a c t e r i s t i c  f u n ct i o n , R ( J )  . H ’ cend , a l s - c i ’  t ’n ’s - l ’ l ’ i ne :1
DO ioop on X , the resu lt  f rom Step 1 1:; i n veru c  f e u x - l u s ’
t r ans formed  using utility subroutine IFT . IFT produces  a
value for 1(X ) for  each pa sssi~-:e thr’ousl i t h e  1001’ . in addit- lot , ,
X is incremented  by DELX on each pas . 1~ 1s . The v a l u es  of ’ 1( X )
and X are s tored in F X (l ,J )  and F X ( 2 , J ) , r e sp e c t i ve l y . The
In dex J runs  fron t 1 to N X .

— 
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I N I T I I i L IZ [  A R R O Y S  AJ~~ ]
SET P R O G R A M  CON ’TA IIT S

[ READ IN 1/ F I L E  F’Ul ~~_J

REMOVE T il t CO N STA N T TUR N D E L Z
F ROM T il E R E A L  I’ART O F TI l E
C h A R A C T E R I S T I C  F U N CTION

L~ IJ
DO LOOP ON X

r I
/ CALL IFT

COMPUTES ONE PR I liT OF
PROBA BI LT Y D E N S ITY FUNCTION )

IX FOP, G I V E N  VALUE OF X /
(IN POWER) J_ _

LX X -f-DE LX 1

- 

C A LL POW2DI3

CONV[RT P R O B A B I L I T Y  DEN S ITY ’~
F U N C T I O N  I ’dER TO 0NE

1

/

/ CALL 01 ST

COMPUTE P R O B A B I L I T Y
\ D I S T R I B U T I O N  F U N C T I O N
\ F R O M  P O W E R  10 DB

CONVERT ARGU I-t [I4 T OF
D I S T R I B U T I ON F I 1 I S C T I O N

L IRO N P O W IR TO DB

- :  / P R I NT Til E RESULi
~_J/

_ _ _

~~~~~~~TURN3

F I G U R E  14 P rog ram D ENS F l o w c h a r t .

L~_ 3

__________ ,t t_,  ~~~~~~~ - - -‘
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The second f un c t i o n  t h a t  is ca l cu i at c -d by D ENS is t he
p r ob a b i l i t y  de n si t y  in db ( I ’~’/’vs : - s t t )  of th e  ISO - iS e ~~ - ‘,-j ~’r
t h e  U ear n f or - rner  ou tpu t  . It in  f o u n d  b ,! ‘0p  1~~” t he  u t i l i t y
subrou t ine  POW2DII to convert  ti - ic d e i i s ; i t y  f un c t i o n  in pot ’ieI ’ ,

f ( X ) , into a dens i ty  fun ~~tion in db , f ( ~’ ) .  Ho wever , t h e pois t
X 0 wat t in  sk ipped ; the r e f o r e , 1( y )  has one lens sampi’:
poi nt than  f ( X )  . Tli e values  01’ f ( y )  at the  sample p o i n t s
y are s tored in F Y ( l , J ) ,  whi le  the samp le p o in t s  ar- c s tor ed
in F Y ( 2 ,J ) .

The th i rd  f u n c t i o n  tha t  is calculated by DEN: - I in  the
d i s t r i b u t i o n  f u n c t i o n  ( i n  db re / v,’a t t )  for noise  pus - s c - i-  at the
bea informcr ’  ou t p u t . This f u n c t i o n  is f o u n d  by u s i x i p  the  u t i l i t y
s u b r o u t i n e  1) 1ST , which produc -s a d i s t r i b u t i o n  f’-sr i c ;t ion in
power from a d e n s i t y  fu n c t i o n  i n  power . The d i s t r i b u t i o n  1’ U Ii c—
tion (in ab) in calculated in two steps; first , DIE T is c a l l e d
t o operate  on FX. This produces DF(I,J ) , where  the D F ( i ,J )
are the sampled d i s t r ibu t i on f unc t i on  ( in  power) , and the
D F ( 2 , J)  are the sample po in t s  S j .  Second , the  abscissa of’
the d i s t r i bu t ion, D F ( 2 ,J )  are conver ted  to db re /eat t , and
stored back in DF ( 2 , J )  (note  the  point  X = 0 is skipped).

Output data are pr in ted  at the t e r m i n a l .  This i nc ludes
desc r ip t ive  in fo rma t ion  ( such  as center  f r e q u e n c y ,  band w i d t h ,
beam steer ang le , e t c . )  that is: pe r tinen t  to the ease at l and ,
followed by three tables of the dens i ty  and d i s t r i bu t io n
functions .

The maximum number of sample points is S Exed ~: the p r o grnm
as 301 for ~ and for  FX ( i . e . ,  NX = 301) .  S’dii . ie the niax I is’,
number for FY , and DF are one lens , 300 . The : ; a t n l e  point .
spacing of f ( x ) ,  DELX is equal to 1O~~. These limEtatiorì s c ;-n
be changed eas i ly  by a l t e r ing  CO M MON , D,T E I I I h f I O N , an d DATA
sta tements .

4 .3 O u t p u t

The output  front Program D E lI S is p r i n t e d  at the compute s -
te rminal .  This  is the f i n a l  output  of the  f~ i h i e s t r -  No i se  Code 1
for the par t icu la r  ease of in teres t .

The prog ram prints the identi ficat ion number for tite
particular route and sensor’ geometry; the frequency hand ;ss J
the center  f r e q u e n c y ;  the  beam s t ee r i ng  an~~le S l I t 0  P e u m
wid th  of the main lobe of the array ; the  t o t a l  nw llber  of
sh ips ;  the p robab i l i t y  of 110 110 . 1 s e;  t i l t  u k - a n , v a t - i  S i l l ’ s- a t s i

—
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~ l :intl:i l i i  l i s t ’ I s it - i 5 1 1  s ’ !  l’~ ’ ,s l I i t ’ ul’ Iut -1 ’  0111 put- Us’ l u ’  ~‘ ‘ \ - ,~~‘ i ’  in  uili t 5 ’-
01’ iv,: t- S I Si p1’ ’t : 1  I I it I” ~‘ -s is i t  y I ’ui i’ t  I t i l t  01 ’ iS ’ s o  l out ’ 1’
lii ~n t - t  ; this ’ i ’e t ’~i Iii .1 i t J II:; it V ruIn’ 1- I ‘ii 0!’ 110 I ’ t ’ u us 1’
III sit ~; S I  i~I S l i t ’ ~‘ i ’  to i t ’  I i t  V si s t - i’ i l i s  - I’ll l’11 I 1  ‘

~, I ’ll ol II- I so
pot -a t ’  i i  sI t . ‘ Sa l ’  I ‘ - s - h i~ ’iv s lit’ 0-5 I S O  I l l ’ ’  01. 1 l i t ’ ‘I’ l i l t  ‘I
oil I put I I ’ , ‘lii l l’ ’l’ i’ ;ilIl I ‘ i-~ a -

4 . 4 G l o s s a r y  and l’ ro~i1- ,lI ’ L L i s t i n q

Tin ’ I ’- ’ .1 ion’ It i~ ’ t ’: I es : : : i t  V s t i l l  U i l l S  do I ’ i i i  i s  I o t i s - ‘1 ’ 1 lit I” S’l,”i’ N A ll
s ’ ~‘ s i : st  , t r t  t :s : s i s d  v , : i ’  I 0 1 ”  IS O’ S ti 55 ‘ 51 I I I  l ’ I ’~ ’ ” 1 5 1 IL , I ~1’NIf . T h e  I t L I
a t’ s ’ lu’~- s s ’ s i S  od t~ S1i I’ hl l’ s ’t S OS U :‘ l’ sI I’ .

— i ’ - . a s t  t i s’l’ :sIl ~’:I~’ tds - 5 - :. )

l’-l-J I DII — w i i i  h ti l’ 11151 ,1 ‘ 1’ 1 s i t ’ ’  -

IN- I l l- ’ — :;anq’ I t ’ p01 Ill s ’ s ’ : s ~~’ in1 - 
- 
i s’lO si’SR ’ 1 0 1 1 0 . I o i n s : , ’ It ’ ll

( I ’ , L I  S I  I s ‘s ’~ ’ )

— t ’s ’ : s s s s l ’ ,’s’ssei’  1’,sisd~v I :it .h t~~- )

DELl ’,’ I — S’Sl l l I h i .ts ’ Os ’ m t  5~~iIt ’ i l t ~ :; lis t I t s  ‘Ill - ‘lit n ’  I
i- ad : s f l : :

D1” I,X — s
~~ s ’ ~~’ I t - ~ s’ I l i t  sS

~
’ L i

~
’ I i  el’ d o t i , : I v !‘ l l I l , ’ t  I ‘II

Di Ll — l ’ l ’ s ’l ’ 11) 1 I I s I ’  l i i i  I ts ’ 1 :5’

Dt” ( I  ,~1 ) — 0 1 :  I ’ S  Ou t  I on I ’UIis ’ I tNt 01 ’ t’ ’:ll ~l I ’0l ’l1lI ’t’ out I it 1101 :5 ’
s it : oLs ~~’ l t ’  I u ’ I M 1 ~ ,l .

PS” (.1 0 ) — saTiN ’ It ’ ~~s ’ 1 n t  ,T of ~I I si 1’ I O t t  I I s ’s I I t l’e us i t

— 1’ ,‘:s L I  ‘ol’mt ’ i ’  t ’ tNt t~~’i’ 1’t’~’~ it s ’ I n-v II::

1”I’, ~ , ,l 
) — p1’ ‘l i t ’  ii I U 0 ‘ Il :  I i  \‘ ( ill i’ ‘us ’ 1’) 0 I’ t o I l  I’s ‘ S ’ S ’ S ’ ’ ’

out  p it t f b i  so s t  i’ - ’ I us X

F’X (~ ‘ J )  — s imp 1 -  p0,1 s i t  \ ;  i l l  l’ I’~’t’ ,I ’ I .1 1 1  V sls’lt:sf I 
~
‘ ~w ,il 1 : s )

l’ \’ (1 ,,l ) — pt’oli;it’i 111 v d - s t o i  1 v ( i t t  00 s e at  t ) of t ’ - , s u s l ’ i ’ i : i t ’ i ’

Out put Ii:’ 1 O s ’ si t - i’~’ m l  y

1’Y (~ l ,, I ) — :;slIill’ .l o ~~s ’ l i i i -  v lit p1’ ’ Hs l’  l i l t  V ,h, ’ T I :s i t  y t O t ’ l’ s ’ - l v i i  I

— I
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TAI3LE 6 STRUCTURE OF THE OUTPUT OF
PROGRAM D E N S

(NOT U : I ac Ii ii no represents one line of p r i n t o u t

1(1  NS~!’IRi R

~ R I  QIJ I Nf’i IL’
U L N )  LR F l-S i QUE N
DI -‘~1’I 51! h R  I Nt , ANt I_ I
( I I  AN W I P I I I  ~M- ’,,I s~R l t ~Ii ! ~ 
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I l i lliN ’ , — I t h e i s t  I t ’t t ’ , i  t iou I IU ISSI ’ ,’ I - t o t ’  ( h i s s  s ’ s  51 ’

,l I N  — l i t t s ’ l ’ s ’l’ ol ’ s S ; 1 S L , l i ls ’ p01111 : 5 5  u s - I  in :s lit’I ’ s U t  i ll s ’
i l - i’ ‘ N 1” .

N — nti i ist ’ ,- I’ ~‘ t ’ 5 ; 5  h 1 i ’ ,’ l i lt  :s — 1  ; U S ’ s I  i s  it s ’ l ’ s  151 1 5 y 5
I; ’ \ = U Ii s i t ’  s ’ ’ - l i v ’  - s ’ : l ’ s  is

NI-’ — nu l L S ’  - I’ 01’ :o s : ~~’ 1” i’- ’ l i i i  :; Iii s’ItS I ’S )  ‘Sot-I st le f s l I Io  I ‘Ii ,

N X  — Tlt i IIIht’l’ of :s :Sl L i’ 1 t ’ p - I i~ t :s I l l  1’( X

i ’ l l  S \ — m i ’s ’ I ta 1 51 l ’ i l t  .

l I t  0 ) — o, - i I psi t ’ t  o 1’ 0 1 1 : 1 1 _ Sit ’ S s’t’ st I c I n s -I I s-s : ;  u:ss ’d
situ ’ t oilS l i l t ’ ~1 i- i’

‘l’l’d-IP I , N ) — wo I - b  I t t ’: 511 ’  - s i  V

‘INC II ’ — t ot :1 I, 151, 51 N I L I l O t ’ ~ ’ 1’ 01 ’ st u I ~ s;

N — 15105111 l ’s ’ S S si l ’ s ’ SIlls’ 1’ ‘111 I ’ll S Ii- ’ 1 :0’ l’~”’ 
‘1’ (nit 5

\ ~ ‘ 5 ’ j )  — 5L - 1 i ~ 1 , 5 1 ’ S  s is ’ V I - L I ’S 011 01’ to’ st ~:i 001’lltt ’ I’ ‘ l i  5’S 5 1St ’- 
-

j’s’i~’ t ’ u’ 
~ 

i- , is s ~s )

\VAI I  — \‘,i S’l,lIls ’O 01’ l’t’aisi1os’n~ ’ t -  s L I t  ~‘ut 1 1 ’ I  so ~‘5’es’’’ t n t !  I s ’

l i s t  iii -: s~~! 1’ s ’~’gt ’aut h) !-b: ~ I 5 5 . 5 1 ’~’li ~‘ws

PII OC ,RAM I’lENS (OUTrtIT ,rHTx , TAr E 1~ r lI1x )
C 
C THIS r R c ’ c , n A i~l ( ‘ A L C I I I A T E S  T H R E E  FUN C ’F T NISIS T H A T  API - ’ L J ~~FP 111 TIN ”
C AM PIEN T N 0 1 Sl -  M O P E 1 ,  . FIR ST , IT FINPN Til l ’  I’R0~~1S~1t ,1TI P!-~

, ’ ‘T I
C F UNC T IOb  ( I N  I’ONi-’iI I Fho ’~’ ITS C H A E  A C T F R  1S ’ I ’ I C  I- ’ t ’ N C T I - ’’I .

C T I lTS !‘i-P N ITY F i b , ’ 11’b I N PO WE R IS C ON\ ’ l - RT FO ’ 1 N I’u~ -
~ 1’’ 1T Y

C FUN C TION IN hI~/ RE 1 W A i T .  T 1IIRI ’ , Till-I P1ST RI I~1 ’ T1o ’N F S ’ t ’ ~’ 1’ ] Cb
C ( IN Pit ) Il — ~ t’A Lc UI .A ’ r I - ’r’ . WIIII T 1- ’N O1 , 1t I L Y 1 ~~’f N ill N • Ns - ’ O’I’
C 

C O i I ~, ON / C c t - ~/ R (  10 1 ) , r E I N ]  , • t i t-i
D I M E N S I O N  FY C . ’. ~01 ) • [1(0 , 100 ) , 0C C 0 , ‘~0 1 ‘i ,TI ’N l’ (O ,

D A T A Il/ ’lO .O / ,N X / 1 0 1 / , I’t ’ I X,’l .01- 0 i I / ,’[ l t - 10fT_,OO ~ 0 . C /
D A T A  FX/ is0 ;’~ O. 0/ , l-’Y/ (~O O ’ O .  0/

R E W I N D  1

C R E A D  I N  TR A S H
REA I’)(Ol , 10O~100 I ” O I I M A T (  1 X , .‘I’ii )

11—7
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C R E A D  1l’bt1i~ , ELI - C , OFL EC
Rf ’ A [ ” ( O l , l t ,Ii ) I t ’ bU l - T , FDFQ , DEl , l~t~150 FOIi~’ A ’ S ( I X , I ’ S , 01” ) (‘~~1J )

C R EA P  Pt  A t -  S ’ l ’ r ’ :R I bc  ANN I E A fI’ MA J OR LOtt E W I D T H
h ’FAP(O 1 , ‘00 1 I5 NTF’ R , EN IDE

?00 F(tO’1T ( 1 \ , ,‘F 1” 14 )

C R E A P  15111!’ , t~C h , ’ , Xt- EA N , XV A R
REA D (01 , ‘‘ -s ’)  T SH~ I’ , PCI , , 1 , X M VA N , X V A I S

250 Fi ’Il t- ’ A T (  1 X , I. 11 ,14 , ~F e .  1 ~1
C REA P NE , -‘IND I’!-’I!-

R E A r ( O l ,3 0O ~ NE , PEI,F
300 COb - ’ - \ T (  1 X , 1 14 , F’Oc . 114 1

C R E A D  I N T H E  C I I A R A C ’ I ’ F I I I O T l C  EI’NCTICN
READ (O1 , I”)) C R ( K ) , F~~1 , NF)

350 FOEt -~4T( 1X , [‘0 .114 ,/ )
C SE T THE NS ’ t - i l t Fl i  of’ S A t - I d E PO I NTS A N D  T I l E  F R E Q U E N C Y  SP A C I N G
C IN Ti l l- :  C IIA CT EIS I N T I C  F U N C T I O N .

J i M  NF
DELW 1 PE IF

C REMOV E CON TRII S I’T ION F R O M  D E L T A  F U N C T I O N  AT F E E Q ~ 0. C’

DO ‘101’ 1 1 ,NE
R U)  R( I)— I ’s F l , :

1400 C O N T I N U E
C CA LCULATE TilE FII C I” A ISIL ITY D E N S I T Y  I N  POWER

X s 0•C’
DO ip’~ j 1 ,NX

C A L L  IFT , G X , XI
F X ( 1 , J ”  = C1X

- FX ( O ,J 1 X
X X~ P E I  X

145Q CON TTN UE

C F INP THE PRO~ ’Y11,1 Ty Dl-bs ’-ITY I N P15/RE WATT. ( S K I P  X : 0 .  0)

JN N X — 1
DO ¶ i00 0 , ON

T~ N I ’ ( O , J \  Fx ( , ’, 0 . 1 )
500 C O N T I N U E

C A L L  r ( ’W , ’Dh i ( T EM I’, ON , FY )

C F I N D  T UE PI STR H I l T  I ON F L’NCTION T N  Pl ’i/ RF 1W A l T .
C FIRST f’St, l” lEt ’ PSS1 ’RIDi ’ ’1’IoI~ FUNCTION IN lOWER ; THEN ,
C CONVERT T HE A t ~S~C I S S A F  TO DR.
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CA LL D I S T ( F X , NX , DF , DEL Z )
DO 550 K 2 , NX

D F ( 2 , K )  1 O . * A L O G 1 O ( l ) F ( 2 , K ) )
55 0 C O N T I N U E

XSTD S Q R T ( X V A R )  
-

C PRINT DATA AT T E R M I N A L

PRINT 1900
PRINT 650

650 F O R M A T ( 1X ,LIOH THE FOLLOWING DATA A R E  T Il E RESULTS OF)
PRINT 700

700 FOR IIA T (1X ,36H P R O G R A M  DENS , W R I T T E N  2 1 J U L Y 7 8 BY )
PRINT 750

750 F O R M A T ( 1X , 11H W.SC OTT.)
P R I N T  1900
PRINT 800 , I D N I J M

800 FORMA T (1X , 1 2F11D N U M B E R  ,13)
P R I N T  850, F R E Q

850 F O R M A T (1 X , 12HFREQUENCY ,FiO . tl ,3H HZ)
P R I N T  900,DELFc’

900 FORMAT( 1X , 1 9H C E NT ER F R E QU E N C Y  ,F1O .LI ,3 1I HZ )
P R I N T  950 , BSTER

950 FORMA T (1X ,22HISEAM STEERING ANGLE ,F 1 5. 14 , IIH DEG)
P R I N T  975 , BW I DE

975 FORMA T( 1X , 1 9II M A JO R LOBE WIDTH ,F15. Ll ,14}l DEG)
P R I N T  1000 , TSH I P

1000 FORMAT( 1X ,29HTOTAL AVG . NUMBER OF SHIPS ,E 11.14 )
PRINT 1050 , DELZ

105 0 F O R M A T ( 1X ,26II PROIIA BILITy OF NO NOISE ,E12. 6 )
P R I N T  1100 , X M E A N

1100 F O R M A T ( 1X ,3 7 H MFAN BEAMFORM ER OUTPUT NOISE POWER
1 E 12 .6 ,GH WATTS )

PR INT 11 50 -11 50 F O R M A T ( 1 X , ’ 1’ IHVA RIAN CE OF BEAM FOR MER OUTPUT NOISE POWER
P R I N T  11 75 , X V A R

1175 FOR I-IA T (1X , E 1 2 . f , , 9H WA T T S ~~ 2)
PRINT 1200

1200 FO R MA T C1 X ,~~5H STAND. DEV.  IN OUTPUT NOISE POWER ~
)

P R I N T  1225 , X S T D
122 5 F O R M A T ( 1X , E12 .6 , 6H WATTS ,/ / / /)

PRINT 12 50
1250 FOR i-IAT( 1X ,27H PR OB A B I L I T Y  • POW ER (WATT S ))

PRINT 1300
1300 FORI ’IAT (1X ,22H D E N S I T Y  • ( X ) )

PRINT 135 0
1350 FORMA T( i x , 1 1 4 F~ ( Fx )  .)

P R I N T  l I m O
11100 FORMA T( 1X ,27H )

P R I N T  1500 , (FX(1 , J )  , F X ( 2 , J )  , J~~1 , N X )

1 j 9



3— ~i i

Repor t  365 4 Bo l t  Bei ’ ane k  a n d  New i l la l l  I n c .

1 500 F C ’ R M A T ( 1X ,E12 . 6 ,3I1 • , E 12 . 6 )
P R I N T  190()
PRINT 1q50

1550 F C L M A T (  1 X , 27 11 l’ROF SA IIILITY • P O W E R  (P 15 ) )

P R I N T  i f 0 0
1 600 F O E M A T (  l x , 001! D E N S  I T?  • ( Y ) )

P R i N T  1( ~ - O
1650 F ( ’ R M A T ( l X , 0511 ( F Y )  . ( R E / W A T T ) )

PR INT 1~1OO
PRINT 1700 , ( FY ( 1  , J) ,FY ( 0 , 3 )  ,J:1,JN )

1700 FORMAT(1 X , l-’10.t ’ , ’
~1I • ,F7 .?)

P R I N T  1001)
PRINT 17 5 0

1750 F OFIM2 , T ( 1X , 2 5H D I S T R I P U T I c ’ N .  P O W E R ( P P ) )
P R IN T  1 t~OO

1800 F O R M A T ( 1 X ,00II FUNCTION • ( Y ) )
PRINT 1 850

18 50 F O R M A T ( 1 x , 0~’ ll ( DF ) • ( R E / W A T T ) )
P R I N T  11100
P R I N T  1700 , (DF( l , J) ,DF (2 ,J ) ,J~2,Nx )
PR I N T  1 C 0 O

1900 F O R M I u T ( 1X , / / / )
R E W I N D  1
STO P
E N D
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S t 5 Vs lOt ~ i n  Nod, 1 s I  3 - I I’ SIN - IS ~~“ I ~‘t 3 1 1’ 3 . 1 N ~‘ U , 51 1511

1’ (‘1 ) Is C ~‘s ri - ill s ’ sI by I ttc Ii Pl’~”’ s - i - C t ’s~ s :tt i: 1~ slt ’S’ ’ ’ ]  s- I ‘, ‘sl I)

I ~- r ,  $ . ~ S ’S ~ 5 i 5, ’ -N t Ob- t  3 u t - $ .

A I. I 551 1: 51 5’S’ INSt :0ot I It s ’ -t I T  15 5:’ I’S’ ‘h o w  S I

SUBROUTINE TFT (FX , X )
C C0~’F’UTF,5 I lIVE lINE FC IIR TER TEA NI ’FORM

C01 ’ IMON /C C’t- ’/ R(301 ) , PELT 1 , JiM
P 1 ’ ”i . 1 5 1 1 5 1 : ’ f ’ 5

K1 :J 11 ’ —0
I F(X .NF.0 .O”GO TO 1’~0
FACT1:2. C’/(3.~~PI)SUM 1 :0
DO 100 lI:’t ,K1 ,2

100 C (’NTIIS IJE
SL I M 1 DEI,T 1 ~ ( B (3 1M) — R (1 )+0 .* iS IIM 1)
FX:E A CT 1 MS I I M 1
GO TO 300

C
150 C = C 0 S ( 2 . *P E LW i ~~X )

S =S IN (2.  ~‘DLLw 1*X )

Y 1~ O .
S SLJI’tl:O .

F A C T O z 1 . / ( P I * X * X )
FACT 3 = FA C T ? i X
DO 200 N = ’ 5 ,Ni 2
F A CT~=R (K - ?  ~~~~ * p  ( K- i  )+6 .  * R (K )_ tI . * R( K +1 )+R (K +2 1
FACT S : (? .~~R (K-? )_ l l . ~R ( K- 1  )+ ‘~ .* R ( K+ 1  )-2 .~~R ( K# ? )  )/ (0FL’,-!1~~\S N :Y 1% C ÷ Y 2 * S  

- ‘

CN :Y2~ C— Y 1 ~S
Yl :SN
Y 2:11 N
SU M 1 = S U M 1 + F A C T L I * C N _ F A C T O * S N

200 CONTINUE
C

SN :Y l~ C +Y 2~ S
C N = Y 2 4 1 C — Y 1~- ’Y1 : S N
YI’=CN
St IM 1 =SI h i ~’1+ ’5, *R(1 )_ II .~~R (71 +R( ’~ l
5511- ’ 1 =5 os 1 + (11 ( ,i I ~‘ 

~~~ 
) — . * R ( J 1 — 1  )+ 3 * B (3 1?” )) ~ C N

SlIM 1 = S U M  1 ~F A C T 2 / r F L W  1
T F M P : R ( , 1 1~’ — : ’ ) — 2 . 4 R ( , T 1 M — 1 ) + R ( 3  1~’~TE1t P =?. * ( R ( N i M ) * x * x _ i ’ E~’P/ ( 1 1 i : I ,T i * PE LW l ) )
FX :SIJ1 ’~ 1 +T F” i f ’*s N* FACT ’ S

C
300 RETURN

END
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4 . 5 . 3 S u b r o u t i n e  D I S T

This  su b r o u t i n e  c o m p ut e : ;  t he  probability di :- ;t r ib ut  ,t u s i  t ’ U ti-2 t on
D . ( x )  from t he  Lsiio t t don~~U~y function F

~~
(’ I) . It is rt ss : ; r : s : : ’ : l

that I”~, (a)  onl y has non— as ’s-a value s; [‘or ’ x dO , N i s; fist -L iter
assul;,o-~I that 1” , , ( x )  ca n l t a v s s  a u t ,  I — 5::snulse VUUCN1OIS 6 C s’: ) at
x = O of inagnitsabo A .  TI t : f o r m u l a  x ’eiat ing D

~ 
to l”~ 1 :; ~- ;iv sslt l~- ’;

- 

Dx
(x )  = A 6 ( x )  +f  Fx(~~

)d
~

Subroutine DIST implements this equation . The trapizo:i dal b;:ethC- Ci
of integration is used to approximate the integral , w :L t h  an
integration step size depending on the sample points oS
Fx (x).

The ca l l ing  soquence  for t h e  s u b r ou t i n e  is 1)1ST (I :  , I~ ,Di” , DEE’) ’ 5’, )
where U is the number  of sabnpi e p o i n t s  ; F .1 s a ( 2  x U)  U u~c’ii s 0552
array c a n t a i n i , I S U  the  p t ’ ab ab i i it y  c 1ensit :~ I’ssnct  ion 1- ’ ,, ( x )  in
row i -’( 1, ,  K )  and the. co rr e spondin :’  va lue  of x in row I~ (2  , i-i )
DELTA is; U h o  i s :  - ; t s i t u U e  of t he  un1 I; j ason ]  se ‘IltI Ct ion;  SIId
DF i s  a (t -? ,N )  ( L i l n e r i s  S ued a r ray  c o n t a i n i n g  t h e ’  C o s : l ’ - s i l - - J  L i s : t : I ’ ’ t ’ 5t 1011
l’un ct  ~i on D ,~ (x) Lu x’os’: Dl” (1 ,K) and the corl’oopoi-lcl ing ’5’:s I ue al US i ri row 1)1” (~ , K )

Figure 17 shows the flowchart for Subroutine DIST. The v a r i a b l e
S is a r u n n i n g  sum , i n i t i a l ise d  to DELTA , wh ich  reprcss ’bt t s the
i nt c i ’i n ’ssi as t he  DO loop s teps  th rough  the  va lues  of N . DELX
is a v a r i a b l e  w h i c h  is equal  to  o n e — h a l f  the  iut ct I i I ’ a t io l t
step  si z e  at each value 01’ X .  A l i s t i ng  of t i le  subx ’out  In c
is as follows :

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

C
C W R I T T E N  2 DEC 1976 B Y ZES I ’~I N D
C C A L C U L A T E S  THE D I S T R T P U T T O U  FUNCTION FRO N THE INPUT
C DENSITY F U N C T I O N .  PNIIS ITY FUNCTION 1165 N SAMPL E POINTS.
C T I SA P IZ O I DA L I NTEGRATION

- - _, .___ _,_s_ -_-----

~,•z~~-~
,,=’ _ - _ 

—
- - ~~~~~
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C DIS T

Sil I N I T I A L  I 5 OI N F
D F ( l  , i )  D E l T A
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C DELTA : MA G N I T U D E  OF DELTA FUNCTION AT O R I G I N  OF F ( X
C Ni , N): D E N S I T Y
C F ( 2 , I - ) :  X = POWE R RATIO
C DF( 1 , N): I)ISTR I i~UTION FUNCTION
C DF(2 ,N): X
C

DF ( 1 , 1 ) :D F L T A
E ) F ( 2 , 1) : F ( 2 , 1)
S :DE LT ,4
[Xl HO K = ? , U
DF ( 2 , K ) = F ( 7 , K)
DELX : ( F ( 7 , K1 _ F ( 2 , K — 1 ) ) / 2 , f l
S :S+Dl ’LX * (F ( 1 , K )+ F (  1 , F’ - ’ i ) )
DF( 1 , K ) : S
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