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FOREWORD

The documentation of computer programs requires a careful
explanation of the various aspects of each program. The Research
Computation Center of NRL has a desirable and recommended format
for reporting computer programs. This report follows that format.

The author thanks his coworkers in the Signal Processing Branch,
Acoustics Division, and the members of the Research Computation
Center for their encouragement, cooperation, suggestions, and
advice.

ABSTRACT

BEAMPLOT is a Fortran program designed to simulate the
power response of an arbitrary, focused hydrophone array to an in-
coming plane wave with or without pattern multiplication as desired.
It is used with a three-dimensional plot routine to display output
values as a response surface. The program is useful in the study of
response dependence on such factors as focal direction, delays due to
hydrophone positioning, signal frequency, and hydrophone weighting.

PROBLEM STATUS

This is a final report on one phase of the NRL Problem.
AUTHORIZATION
NRL Problem S01-39

Project RF 05-552-403, Task 4069

Manuscript submitted January 21, 1972



A FORTRAN PROGRAM FOR COMPUTING THE POWER RESPONSE
OF A HYDROPHONE ARRAY TO A PLANE WAVE AND
PLOTTING IT AS AN ISOMETRIC SURFACE

IDENTIFICATION
1.1 Title
Hydrophone Array Power Response to a Plane Wave
1.2 Identification Name
T3-NRL-BEAMPLQT
1.3 Classification Code
T3 - Applications and Application-Oriented Programs, Other Physical Sciences
1.4 NRL-Research-Computation-Center Identification Number
T3001Q00
1.5 Entry Points
BEAMPLQT
1.6 Programming Language
Language: 3600/3800 Fortran
Routine Type: Main program
Operating System: DRUM SCOPE 2.0
1.7 Computer and Configuration
CDC 3800
1.8 Contributor or Programmer
Leon P. LaLumiere, Jr., Code 8144, Signal Processing Branch, Acoustics Division
(the program is based on the original of J. W. Jenkins, Code 8144, cited as
Ref. 1 in Section 3.15)

1.9 Contributing Organization

Naval Research Laboratory (NRL), Washington, D.C. 20390
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1.10

1.11

1.12

LEON P. LaLUMIERE, JR.

Program Availability

1.10.1 Submittal: Program write-up, Fortran source deck, and the source listing
1.10.2 On File: Program library of the NRL Research Computation Center
Verification

This program has been used and tested as discussed in Section 7.

Date

1 September 1970

2. PURPOSE

2.1

2.2

Description of the Routine

BEAMPLOT calculates the power response of an arbitrary, focused hydrophone
array to an incoming plane wave with or without pattern multiplication as de-
sired. These calculations are then used to produce plotting commands for use
by the subroutine cited as Ref. 2 in Section 3.15 in making an isometric re-
sponse surface.

Problem Background

Many sonar systems use a beamformed array of receptors as their primary
sensor. An array of receptors is the most convenient means of sampling a large-
scale, long-wavelength, extended field. Since the individual receptors of a large
array cannot be moved, control of the array directional sensitivity must be intro-
duced through processing of their output signals. The beamformer performs

this task by altering the relative delays and amplitude of individual receptor
outputs before summing them to form an array output.

The computer program described herein was developed to provide visual aid in
acquiring insight into the response of a beamformed array of hydrophones to a
plane wave. In particular the effect of a parameter such as hydrophone posi-
tion, beamformer angle, frequency, or hydrophone weighing on array response
can be easily seen.

The basic geometric variables involved in array response to an incoming plane
wave are shown in Fig. 1. This computer program can handle three cases of
hydrophone array geometry: linear, planar, and volumetric. A brief discussion
of the mathematics of array processing is presented in Section 4.

References are listed in Section 3.15. Extended discussions of array processing
are presented in Refs. 3 and 4. The analysis and conclusions based on the re-
sults of this program are given in Ref. 5. This report has a companion in Ref. 6.
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Fig. 1—Basic geometric variables

USAGE

3.1 Calling Sequence of Operational Procedure

Since BEAMPLOT is a complete program, the insertion of data cards along with
the necessary control cards is the only requirement. The data cards control the
program.

3.2 Arguments, Parameters, and Initial Conditions

The following parameters must be punched on data cards (Section 3.9 gives the

formats):

LUN1 = storage unit for the plotting commands. (This may be the drum or
magnetic tape as desired.)

LUN2 = storage unit for the array response calculations

LUNS3 = storage unit for the array response calculations in the first direc-
tion with or without pattern multiplication

LUN4 = storage unit for the array response calculations in the second direc-

tion for pattern multiplication
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LUNb = storage unit for the array response calculations in the third direction
for pattern multiplication. (LUN1 through LUNb must be integer
numbers in the range 1-49.)

C = gpeed of sound in water

NHYDRQ =number of hydrophones in the first direction with or without pat-
tern muiltiplication

KHT =number of hydrophones in the second direction for use in pattern
multiplication

LDF =number of hydrophones in the third direction for use in pattern
multiplication

R(1,1) =minimum theta

R(1,2) = maximum theta (may be left blank)

N(@1) =number of increments in theta (leave blank if R(1,2) is blank)

R(2,1) = minimum chi

R(2,2) = maximum chi (may be left blank)

N(2) =number of increments in chi (leave blank if R(2,2) is blank)

R(3,1) = minimum phi

R(3,2) = maximum phi (may be left blank)

N(3) =number of increments in phi (leave blank if R(3,2) is blank)

R(4,1) = minimum rho

R(4,2) = maximum rho (may be left blank)

N(4) =number of increments in rho (leave blank if R(4,2) is blank)

X

;1 } = coordinates of each hydrophone

w = weighting of each hydrophone (if blank, it is assumed to be 1)

XZERQ = horizontal distance in inches to the lower left-hand corner of plot
from the plot origin

YZERQ =vertical distance in inches to the lower left-hand corner of the plot
from the plot origin



3.3

3.4

3.5

3.6

3.7
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DELTAX =horizontal separation of data points in inches
DELTAY =vertical separation of horizontal cuts in inches
SLANT = horizontal offset in inches of adjacent horizontal cuts

HIDDEN =instruction concerning hidden points (if > 0, hidden points are to
be plotted; if < 0, hidden points are not to be plotted)

SCALE  =multiplying factor giving the desired height of the plots, since
0 < response < 1.

Space Required (Decimal and Octal)

3.3.1 Unique Storage: 33470 octal or 14143 decimal locations

3.3.2 Common Blocks:

COMMON/BLK/NHYDR®, WAVE, N SCALE, W(402), X(400), Y(400),
7(400), P(400), SP(650), CP(650), SR(650), CR(650), LUN1, NH,
KHT, ZAMP(650), LUN2, LUN3, NI, NJ, DATATAB(650), SCALE,
NUMX, LUN4, LUNS5, LUN6, LDP, NK, DAMP(650)

3.3.83 Temporary Storage: Results of the calculations are stored on the drum
or magnetic tape as desired. Plotting commands are stored on the drum
or magnetic tape as desired.

Messages and Instructions to the Operator

None

Error Returns, Messages, and Codes

A message is printed if neither phi nor rho is incremented.
Informative Messages to the User

The following are listed:

® All input data along with computed increments

The largest computation multiplied by 1 million in decimal and octal
The number of records for plotting purposes in decimal and octal
The plotting parameters used in subroutine PLOTISOM

The identifying number of each storage unit

Input

The input consists of data cards containing the parameters listed in Section 3.2
and illustrated in Section 3.9
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3.8 Output
The output is given in Section 3.6. All plotting commands can be placed on a
magnetic tape for off-line plotting (and is recommended). All computations can
be placed on magnetic tape if desired (and is recommended, since different plots
can be made from the tapes).

3.9 Formats

Example of an Input Data Deck

Data in Various Columns on the Cards
Card*
1-6 10 14-20 24-30 36-40 | 46-50 | 55-b8 | 66-68
1 1 2 3 4 5
2 4900.
3 4 4 4
4 490.0
5 90.0
6 90 0
7 181
8 180.0 629
{45 o 0.0 0.0
30.0 0.0 15.0
NHYDRO | | 45 0 0.0 30.0
0.0 45.0
45 0 0.0 0.0
30.0 0.0 -15.0
KHT 15 0 0.0 |—-30.0
0.0 —45.0
45.0 0.0 0.0
45.0 15.0 0.0
LDP {45.0 30.0 0.0
45.0 45.0 0.0
0.0 0.250 0.020 | 0.040 | 0.040 | 1.0 2.0
LAST 0.250 0.020 | 0.040 | 0.040 | —1.0 2.0
0.250 0.020 | 0.040 | 0.040 | 1.0 2.0
0.020 0.020 | 0.040 { 0.040 { —1.0 2.0
*The cards contain data as follows (defined in Section 3.2):
Card 1 = LUN1, LUN2, LUN3, LUN4, LUNS5 (in 5110)
Card 2 = C (in F10.3)
Card 3 = NHYDRO, KHT, LDP (in 3110)
Card 4 = FREQMN (in 3F10.3)
Card 5 = R(1,1) (in 3F10.3,110)
Card 6 = R(2,1) (in 3F10.3,110)
Card 7 = R(3,1), R(3,2), R3,37), N(3) (in 3F10.3,110)
Card 8 = R(4,1), R(4,2), R(4,3), N(4) (in 3F10.3,110)
NHYDRO CARDS = X, Y, Z, W (in 4F10.3)
KHT CARDS =X,Y,Z, W(in 4F10.3)
LDP CARDS =X,Y,Z, W (in 4F10.3)
LAST CARDS =X RO YZERO, DELTAX, DELTAY, SLANT, HIDDEN, SCALE (in 7F10.3)
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External Routines and Symbols

DATAGETR
WEIGHT
ZWEIGHT
DWEIGHT
PHASE
QUTPUT
QUTTWQ
QUTTHREE
QUTFQUR
CALC
@RTHQRAY
THRIDIR
PLQTS
PLQTISQM
STQPPLQT
SINF

CQSF
SQRTF
PLQT

Timing
The compile time is 90 seconds; the running time is approximately 0.3 second
per hydrophone per line of plot using 629 angular increments.

Accuracy

The accuracy is variable, depending on the input data; it is also limited by the
accuracy of the plotter: 0.01 inch.

Cautions of Users

The control of this program depends on the optional use of incremental param-
eters at the discretion of the user. The maximum number of angular incre-
ments is 629. The maximum number of hydrophones is 400. At least one of
the angles must be incremented (usually phi or rho or both). For off-line
plotting at the RCC, plotting tape(s) must be recorded at low density (200
bits/in.).

Program Deck Structure
7
9 JOB card

g EQUIP cards

?”

” for magnetic tapes (optional)

»

g EQUIP cards
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; FTN card

program BEAMPLOT
subroutine WEIGHT
subroutine ZWEIGHT
subroutine DWEIGHT
function PHASE
subroutine CALC
subroutine PRTHQRAY
subroutine THIRDIR
subroutine QUTPUT
subroutine QUTTWQ
subroutine QUTTHREE
subroutine QUTFQUR
subroutine DATAGETR
subroutine PLQOTISQM (JS-NRL-PLQTISQM)
SCQPE card

g LOAD card

Z) RUN card

data cards

77
88 EQF card

3.15 References—Literature

(1) James Jenkins, ‘“Program to Compute Array Response Surfaces,” NRL
Memorandum Report 2077, Sept. 1969

(2) Henry A. Brown, ‘“A CDC 3800 Computer Subroutine For Producing
Isometric Plots on the 565 CalComp Plotter,”” NRL Computer Note 31,
1 Aug. 1969

(3) Edward C. Jordan and K.G. Balmain, “Electromagnetic Waves and Radiat-
ing Systems,” 2nd edition, Prentice-Hall, Englewood Cliffs, N.J., 1968

(4) John D. Kraus, ‘“Antennas,” McGraw-Hill, New York, 1950

(5) George W. Byram, G.V. Olds, and L.P. LaLumiere, Jr., ‘Array Beamforming
Response Studies,” NRL Report No. 7331, Oct. 1971.

(6) Leon P. LaLumiere, Jr., “A Fortran Program for Computing the Power Re-
sponse of an Hydrophone Array to a Spherical Wave and Plotting It as an
Isometric Surface,” NRL Report 7393, 17 April 1972
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METHOD OR ALGORITHM
In Fig. 1 the geometry is as follows:

R = vector from the origin in the beam direction,

S = vector from the origin in the signal direction,
H,, = vector from the origin to the mth hydrophone,
d,, = distance from the origin to point F on R,

D,, = distance from the origin to point G on 8.

For an array of n hydrophones the power response is P = A2, where the amplitude A
is defined by

A= (VEeP T @? ) /) W

in which
n f
Rg = Z W, cos [211 =~ (D, —dm)]
m=1
and

2 f
Iy = Z W, cos [27r S (D, -—dm)]
m=1

Here W, is the weighting of the mth hydrophone, f is the frequency, and c is the
speed of sound in water. D, determines the delay due to the signal, and d,,, deter-
mines the delay due to the beam.

The unit vector in the signal direction is defined by

S
s=@=isin¢cosp+jsin¢sinp+kcos¢.

For the mth hydrophone,

H, =iX, +jY, +kZ,.

m

Then D, =s *+ H,, and

m
D,, = (isin ¢ cos p + k cos ¢) * (iX,, +j¥, = kZ

m)

=X, sin ¢ cos p + Y, sin ¢ sin p + Z, cos ¢.



W
.

CHEFL2NTAINE VAN IRNIRNININTINST RIAT VAN TITNENINT RINL NI nT v Vs Ve s

LEON P. LaLUMIERE, JR.
Similarly

r='ll=isin0cosx+jsin0sinx+kcos@

d,, = X, sin 0 cos x + Y, sin § sin X + Z,, cos 0.

The variables are calculated in subroutines as follows with pattern multipliers shown
in parentheses: P in DATAGETR, A in QUTPUT and QUTTWQ (and QUTTHREE
and QUTFQUR), Rg and Iy and D, in CALC (and QRTHQRAY and THIRDIR),
and d,,, in PHASE; WEIGHT (and ZWEIGHT and DWEIGHT) sums the hydrophone

weighings, and this result is used to normalize A in QUTPUT and QUTTWQ (and

QUTTHREE and QUTFQUR).

SOURCE LANGUAGE LISTING

A listing of the program in the Fortran language is reproduced on the following 16

pages.

PROGRAM BEAMPLOT

IDENT NUMBER » 73001000

TITLE = HYDROPHANE ARRAY POWER RESPONSE YO A PLANE WAVE,

IDENT NAME « T3~NR|~BEAMPLOT

LANGUAGE - FBRTRAN

COMPYTER ~ CDCe3800

CONTRIBUTER = LEGN P, LA LUMIERE JR,, CODE 8144

(PRGGRAM BASED ON THE ORIGINAL BF J, W, JENKINS, CODE 8144)

SIGNAL PROCFSSING BRANCH, ACOUSTICS DIVISIEN
ORGANIZATION » NRL = NAVAL RESEARCH LABORATORY
WASHINGTAN, D,C, 20390

DATE ~ 1 SEPT 1970

PURPOSE s TG CALCULATE THF POWER RESPONSE ©F AN HYDROPHONE ARRAY
TG A PLANE WAVE TA BE USED FOR PLOTTING AN ISBMETR]C
SURFACE, THIS PROGRAM MAY BF USED FOR A LINEAR ARRAY 6R
FOR A PLANAR OR A VOLUME ARRAY USING PATTERN
MULTIPLICATION AS DFSIRFD,

oo v+ INPUT DATA DECK,., DATA CARDS CAN BE LEFT BLANK AS DESIRFD,
+«CARD {1 = LOGICAL UNIT NUMBER (LUNL1), (LUN2), (LUN3), (LUN4),
(LUN3)Y, N (5140),

LUN1 IS THE STGRAGE UNIT FOR THE PLOTTING COMMANDS, PLOTTING
CAMMANDS STORED ON MAGNETIC TAPF MUST BE IN [ @ DENSITY,

LUN2 1S THE STORAGE UNIT FOR THE ARRAY RESPGONSE CALCULATIONS,
LUN3 IS THE STORAGE UNIT FOR THE ARRAY RESPONSE CALCULATIONS IN
THE FIRSYT DIRECT]BN FOAR PATTERN MULTIPLICATION, IF PATTERN
MULTIPLICATIGN IN THE FIRST DIREGTION ]S N@T USED THEN LUN3 MUSY
BE BLANK ®R ZER®G,

LUN4 IS THE STORAGE UNIT FOR THE ARRAY RESPONSE CALCULATIONS IN
THE SECOND DIRECTIGON FOR PATTERN MULTIPLICATION, IF PATTERN

> PEEEPEEREEE>EEPEP>>PP>

VOO NAWUNE
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MULTIPLICATION IN THE SECAND NIRECTIABN 1S NOT USED THEN LUN4& HMUSY
BF BLANK OR ZER®,

LUN5 1S THE STORAGE UNJT FBR THE ARRAY RESPONSE CALCULATIONS IN
YHE THIRD DIRECTION FOR PATTERN MULTYIPLICATIGN, IF PATTERN
MULTIPLICATION IN THE THIRD DIRECTIAN IS NOT USED THEN LUNS MUSY
BE BLANK OR ZER®,

++CARD 2 = SPEED OF SAUND, IN (F10,3),

«.CARD 3 = NUMBER OF HYDROPHONES ,LE, 400, IN (31109}, THE FIRST
NUMBER 1S THE NUMBER OF HYDRUPHONES IN THE FJRST DIRECTION, THE
SECOND IS THE NUMBER IN THE SFCOND DIRECTION, AND THE THIRD [S THE
NUMBER IN THE THIRD DIRECTI®GN,

++CARD 4 = MINIMUM FREQUENCY, MAXIMUM FREQUENCY, INCREMENT, [N
(3F10.3)¢ [F INCREMENTS ARE NAT DESIRED USE MINIMUM ONLY,

»,4 CARDS GIVING ANGULAR PARAMETERS IN DEGREES, IN (3F10,3,110,,
1F INCREMENTS ARE NOT DESIRED N(]) SHOULD BE BLANK én ZERO, AT
LEAST ONE OF THE SET (N(3), N(4)) SHOULD BE ,GE, 2 AND NQNE SHEULN
EXCEED 629, THEN THE ANGULAR R(1,3) ARE COMPUTEDN INTERNALLY, IF
R(3,3) @R R(4,3) ARE INCLUDED AS DATA THE CORRESPONDING N(I)

MUST BE BLANK OR ZER®,

R(l,1) = MIN[MUM THTA, R(1,2) = MAXIMUM YHTA, R(1,3) = INCREMENT,

Nt1) = NUMBER QF INCREMENTS,

R(2,3) s MI IMUM CHI, R(2,2) s MAXIMUM CHI, R(2,3) = INCREMENTa
N¢2) = NUMBER @F INCREMENTS,

Rt3,4) = MINJMUM PH], R(3,1) = MAXIMUM PH!, R(3,3) = INCREMENT,
Nt3) = NUMBER OF INCREMENTS,

Re¢4,1) = MINJMUM RHO, R(4,1) = MAX]MUM RHO, R(4,3) = INCREMENT,
N¢4) s NUMBER OF INCREMENTS.

THTA = ANGLE OF PREFERRED BEAM FOCYUS DJRECTIGN FROM THE Z-AX1S%,
CHI = ANGLE OF PREFERRED BEAM FOCUS DIRECTIGN FROM THE X-AX1S,
PH] = ANGLE OF INCIDENYT BEAM FOCUS DIRECTI®ON FROM THE ZsAX!S,

RH® = ANGLE OF INCIDENY BEAM FOCUS DIRECTION FROM THE XeAX1S,

+ NHYNRO CARDS, EACH GJVING THE X,Y,Z COORDINATES 8F THE
HYDROPHONES AND W, THE WEIGHTING AF EACH HYDROPHONE IF DESIRED,

IN (4F10,3), OTHERWISE W 1S ASSUMED Y@ BE ONE,

IF PATTERN MULTIPLICATIGN [N THE SECOND DIRECTIAN IS NOT USED,
THEN KHT 1S BLANK OR ZERG, AND THE FOLLOWING DATA CARDS MUST N@Y
BE PRESENT,

« KHT CARDS, EACH GIVING THE X,Y,IZ COORD]NATES OF THE HYDROPHONES
AND W, THE WEIGHTING OF EACH HYDRAPHONE IF DESIRED, IN (4F4p.3).
OTHERWISE W IS ASSUMEN To BE ONE,

IF PATTERN MULTIPLICATION IN THE THIRD DJRECTION IS NOT USED, THEWN
LNP ]S BLANK OR ZER®, AND THE FOLLOWING DATA CARDS MUST BE ABSENT,
v LDP CARDS, EACH GIVING THE X,Y,2 COGORDINATES OF THE HYDROPHAONES
AND W, THE WEIGHTING OF EACH HYDRAPWEONE IF DESIRED, IN (4F190,%),
GTHERWISE W [S ASSUMED YO BE ONE,

THE FOLLOWING DATA CARDS ARE REQUIRED FOR SUBROUTINE PLGTISOM AND
EQUALS FBUR MINUS THE NUMBER OF LUNS LEFT BLANK R 2ERO,

++LAST CARDS = XZER®, YZER®, DELTAX, DELTAY, SLANT, HIDDEN, SCALE
IN (7F10,3) FOR PLOYTING COMMANDS YO LUNY., I1F PATTERN
MULTIPLICATIGN 1S NOT USED ONLY ONE CARD IS REQUIRED,

SCALE 1S A MULTIPLIER GIVING THE DESIRED HEIGHT 8F THE PLOTS,
NUMX,¢ NUMY, AND [NTERP ARF COMPUTED INTERNALLY BY THE MAJN PROGRAM
SUBREBUTINE PLATISOM [S THF RCC LIRRARY IDENT, NAME JS~NRL-PLOTISOM

DIMENSTON AMP(650), R(4,3), N(4), PLTARRAY(254), PEAK(6909)

COMMEN /BLK/ NHMYDROsWAVE,NSCALE, W(403),X(400),Y(400),2(400),P(400)
1,3P(6530),CP(650),SR(650),CR(650) ,LUNL,NH,KHT,ZAMP(650),LUN2,LUN3,N
21 /NJ)DATATAB(650) ) SCALE,NUMX,LUN4, L UNS,LUNG6,[,DP,NK,DAMP (650}

EXTERNAL DATAGETR

1 FORMAT (2X,48HHYDROPHANE ARRAY RESPONSE TO@ A PLANE WAVE SIGNAL/}
2 FORMAT (19H SPEED ®F SOUND = ,F10,3/)
3 FORMAT (2X,24HNUMBER OF HYDROPHONES = ,13,//47Xe1RX 9% 1HY,9X,1HZ,

P b I B b b b b 5 2B b 25 25 3 3B 2B b B 35 3 b _JB 35 35 b 2B b 2 Jb g 25 b 2 b 2 2B 2B B b B 2 2 A 5 S S B2 _5_ B 1 b 25 35 25 2 35 35 3 3
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17X, 6HWEIGHT /)

4 FORMAT (14H FREQUENCY = ,3F10,3://,1%,18H ANGULAR VARJABLES/)

5 FORMAT (2X,16HHYDROPHONF ARRAY/)

6 FORMAT (2X,5B8HHYDRGPHANE PATTERN MULTIPLIER ARRAY [N THE FJRSY D[R
{ECTION/)

7 FORMAT (2X,59HHYDROPHONE PATTERN MULYIPL]ER ARRAY IN THE SECOND D!
1RECTIAONY/)

8 FORMAT (2X,58HHYDREPHANE PATTERN MULTIPLIER ARRAY [N THE THIRD DIR

1ECTIEN/)
9 FORMAY (/12X 17HLARGEgy NUMBER = ,]7,10H OR G@CyAL ,07)
10 FORMATY (/,2X,17HNS, 6 RECORDS = + 13,104 GR BCTAL ,®3,14H FOR LUN
1= ,12)
11 FORMAT (37H ERRBR NEJTHER PH] N®R RH@ JNCREMENT )
12 FORMAT (5110)
13 FORMAT (2X,2WR{,
14 FORMAT (1M 10QF10
15 FORMAT (3F10,3,!
16 FORMAT (4F10,3)
17 FARMAT (7F10,3)
18 FORMAT (2X,19HPL@TTING PARAMETERS/)
19 FORMAT (2X,9HNUMX & ,13/,2X,9HNUMY = ,13/,2X,9HINTERP = ,13)
20 FORMAT (2X,9HXZER® = ,F6,3/,2X,94YZERD = ,F6,3/,2X,9HDELTAX & ,F
16,3/,2X,9HDE,TAY = ,F6,3/,2X,9HSLANT =& ,F6,3/,2X,9HHIDDEN = ,F6,3
2/,2X,9HSCALE 3 ,F6,3/2X,9HLUN s ,12/)
21 FORMAT (//,2X,7HLUNL 2 ,12,/,2X,THLUN2 3 ,[2,/,2X 7HLUNS = ,12,/,2
1X, 7THLUNA = ,]2,/72X,7HLUNS = ,12)
22 FORMAT (gH1)
READ 12, LUNL,LUN2,LUN3,LUN4(LUNS
READ 15, C :
READ 312, NHYDRO,KHT,|DP
READ 15, FREQMN,FREQMX,DFRED
PRINT
PRINT 2, C
PRINT 4, FREQMN,FREGMX,DFREQ
P 30 1=1,4
READ 15, (R(ls¥),Js1,3),NC])
IF (N(1)) 23,24,23
23 TaN(]l)=1
RCI,3)®(R(],2)=R(1,1)/7
Go YO 27
24 IF (R(1,3)) 26,25,26
25 Nelr=g,0
6o TO 27
26 NC]IZABS((R(]142)-RI111)I/R(1,3))#1,9
27 PRINT 33, 1,(RC1,J)adz=103),N(T1)
Da 28 Jy=1,3
Rel.W)=R(1,4)/57,298778
28 CONTINVE
IF (Nt])) 29,30,30
29 NehrE=N()
30 CANTINUE
D& 33 J=1,NHYDR®
33 READ 16, X(J))YCJ)gZ(J) Nt
CALL WE]GHWT
PRINT 22
IfF (KHT) 32,32,33
32 PRINT S
6a TO 34

6H,J) 3 ,3F10,3,110)

PSSP CTHTES S S S ESEE S P B SN SS SRS B B B B S S S Rl B B b b D B > > P> > P

93
94
95
96
97
98
99
100

104
102
103
104
105
106
107
108
109
110
111
112
143
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
149
141
142
143
144
145
146
147
148
149
150
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PRINT &

PRINT 3, NHYDRO

0N 42 Js3,NHYDR®

IF (J=51) 42,44,35
IF (J-101) 42,41,36
IF (J-151) 42,44,37
IF (J=2p3) 42,41,38
IF (J=251) 42,41,39
IF (J=301) 42,41,4)
IF (Je3531) 42,41,42
PRINT 22

PRINT 3, NHYDRG
PRINT 44, XOJI Y (JY,Z0JY W(D)
IF (KHT) 43,54,44
KHT3=KHKT

K1sNHYDRO#1
K2zNHYDRO+KHY

DO 45 K=K1,K2

READ 16, X(K),Y(K) Z(K) WLK)
CALL ZWEJGHT (Ki,K2)
PRINT 22

PRINT 7

PRINT 3, KHT

DM 53 J=zK1,K2

IF (J=51) 53‘52146
IF (J=101) 53,52,47
IF (Je151) 53,52,48
IF (Je254) 53,52,5p
IF (J=301) 53,52,51
IF (J=35%) 53,52,53
PRINT 22

PRINT 3, KHT

PRINT 14, X(J),;Y(J),sZ(J) W)
GO TO 56

NYSN(4)

DO 55 Jsl.NY
ZAMP({1)=1.0
w(402)=1,0

IF (LDPY 57,68,58
LDPa=| DP

K3zK2+1

K43K2+( DP

DO 59 K=K3,K4

RFEAD 16, X(K),Y(K) Z(K),HW(K)
CALL DWEJGHT (K3,k4)
PRINT 22

PRINT 8

PRINT 3, LDP

Do 67 JsK3,K4
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PRINT 6

PRINT 3, NHYDRO

DA 42 Jay,NHYDRO

IF (Je51) 42,41,35
IF (J-191) 42,41,36
IF (J-151) 42,44,37
IF (J-291) 42,41,38
IF (J=251) 42,41,39
IF (J=3p1) 42,41,49
IF (J=351) 42,441,42
PRINT 22

PRINT 3, NHYDRO
PRINT 44, X(J)Y(J) o Z(J),W(J)
IF (KHT) 43,54,44
KHTa»KHT

K1=NHYDR@+1
K2zNHYDRO+KHT

DA 45 K=Kk1,K2

READ 16, X(K) Y(K)g2Z(K) WIK)
CALL ZWEJGHT (K1,K2)
PRINT 22

PRINT 7

PRINT 3, KHT

Dm 53 J=K1.,K2

IF (JeB1) 53,52,46
IF (J~101) 53,52,47
IF (J=151) 54,52,48
IF (J=201) 53,52,49
IF tJe=251) 53,52,5¢
IF (J=304) 53,52,51
IF (J=351) 53,52,53
PRINT 22

PRINT 3, KKWT

PRINT 14, XCU) Y (J)yZ(J) s WEU)
GO TO 56

NYSN(4)

DO 55 Jz21,.NY
ZAMP(1)=1,.p
w(402)=1,0

If (LDP) 57,68,58
LNPza= NP

K3z=K2+1

K4sK2+L DP

DO 59 K=K3,K4

READ 16, X(K),Y(K) 2(K), W(K)
CALL DWE]GHT (K3,K4)
PRINT 22

PRINT 8

PRINT 3, LDP

08 67 JaK3,K4
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IF (Je51) 67,66,60

IF (Je101) 67,66,64
IF (J.151) 67,66,62
IF (J_201) 67,6663
IF (J.251) 67,66,64
IF (J_301) 67,6665
IF (J_354) 67,66,67
PRINT 22

PRINT 3, LDP

PRINT 14, X(J) Y(J) 2 ZUJ) WD)
GO T8 79

NDsN(4)

De 69 J=1,ND
DaMP(1)=1.0
W(403)=1,0

NSCALE=D
WAVE=FREQMN/C
THTAER(1,1)
CHIsR(2,))

1=9

INDEX=4

AAER(3,1)

BBzR(4,1)

NX8N(3)

Do 71 K=1,NX
SP(K)=SIN(AA)
CP(K)sxCOS(AA)
AAsAAR(3,3)

NXsN(4)

Do 72 K=1.,NX
SR(K)=SIN(BB)
CR(K)=COS(BR)
BRsBB+R(4,3)

IF (DFREQ) 73,77,74
DFREQ=wDFREQ
FREQeFREQMN~-DFREQ
INDEX=1

IF (FREQMX-FREQY 129,129,76
FREQ=FREQ#DFREQ
WAYESFREQ/C

GO To 85

IF (N(L1el) 78,81,78
INDEX=2
THTASR(1,1)=R(1,3)
IF (N(1)=1) 129,129,89
THTASTHTA+R(1,3)
I=]eg

GO T0 85

IF (N(2)s1) B2,85,82
INCEX=3
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CHI=R(2,1)~R(2,3) A 251

83 IF (N(2)el) 129,129,84 A 252
84 CH]=CH]+R(2,3) A 253
. lslel A 254
85 Do 86 Jsi,NHYDRO A 255
PC(J)BPHASE(THTA,CHI s XCJ)  Y(J) 1 2tJY) A 2%6

86 CONTINUE A 257
JF (KHT) 91,91,87 A 258

87 Dp 88 K=Kq,K2 A 259
B8 P(K)SPHASE(THTA,CHI  X(K),Y(K),Z(K)) A 26
IF (LDP) 91,91,89 A 264

89 Do 9g KeK3,Ké \ A 262
90 P(K)IZPHASE(THTA,CH],X¢K),Y(K),Z(K}) A 263
91 RHE=R(4,1) A 264
PHI=R(3,1) A 265

IF (N(3)u1) 94,92,108 A 266

92 IF (Nt4)ay) 94,93,95 A 267
93 PRINT 11 A 288
94 STOP 4 A 269
95 RHE=R(4,1)~R(4,3) A 270
M=p A 273
MNz1 A 272

96 IF (N(4)uM) 97,97,104 A 273
97 CALL OUTPUT (N(4),AMP) A 274
IF (LUN3Y 99,99,98 A 275

98 CALL OUTTWO (N(4),AMP) A 276
99 IF (LUN4) 104,101,100 A 277
100 CALL GQUTTHREE (N(4),ZAMP) A 278
101 IF (LUNS) 193,103,402 A 279
102 CALL GUTFOUR (N(4),DAMP) A 28
103 60 T0 (75,79,83,129), INDFEX A 284
104 RHBzRHA4R(4,3) A 282
MeMs} R A 2R3
CALL CALC (MN,M,AMP(M)) A 284

IF (KHT) 1907:107+405 A 285

105 CALL BRTHORAY (MN,M,ZAMP(M),K1,K2) A 286
IF (LDP) 107,107,106 A 287

106 CALL THIRDIR (MN,M,DAMP(M),K3,K4) A 288
107 GO T 96 A 289
108 PH]sR(3,3)-R(3,3) A 290
MN=g A 291

Mzl A 292

109 JF (N¢(3)sMN) 110,110,112 A 293
110 IF (5«INDEX) 111,129,111 A 294
111 CALL gUTRUT (5 (3),aMp) A 295
GO TO (75,79,83,129,129y, INDEX A 296

112 MNsMNe A 297
PHIzPH]+R(3,3) ‘ A 298

IF (N(4)w1) 117,113,117 A 299

113 CALL CALC (MN,M,AMP(MN)) A 3np
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IF (KHT) 116,116,114 ,
CALL BORTHORAY (MN/MyZAMP(MN) KL :K2)
IF (LDP) 116,116,115

CALL THIRDIR (MN,M,DAMP(M),K3,K4)
GO 10 199

RHOaR(4,1)-R(4,3)

INDEX25

M=z0

IF (N(4)eM) 119,119,125

CALL OUTPUT (N(4),AMP)

IF (LUN3) 121,121,120

CALL QUTTWE (NT4),AMP)

IF (LUN4) 124,124,122

CALL BAUTTHREE (N(4),ZAMP)

If (LUNS) 124,124,123

CALL OUTFOUR (N(4) ,DAMP)

GO T® 109

M=Mel

RHE=RHO+R(4,3)

CALL CALC (MN,M,AMP(M))

IF (KHT) 128,128,126

CALL ORTHORAY (MN,M,ZAMP (M), K1 ,K2}
IF (LDhP) 128,128,127

CALL THIRDIR (MN,M;DAMP({M),K3,K4)
GO TO 118

PRINT 22

PRINT 9, NSCALE,NSCALE

[F (LUN2) 134,131,130

END FILE LUN2

REWIND tUN2

PRINT 10, NH,NH,LUN2

IF OLLUN3) 133,433,132

END FILE LUNS

REWIND LUN3

PR!NT 10' NI,NI:LUNS

IF (LUN4) 135,135,134

END FILE LUNG

REWIND LUN4

PRINT 10, NJ NJ,LUN4

IF (LUNS} 137,137,436

END FILE LUNS

REWIND LUNS

PRINT 10, NK,NK,LUNS

IF (LUN2) 141,141,138

LUNSSLUNZ

NUMY=SNH

READ 17, XZERG,YZERO,DELTAX,DELTAY,SLANT,H]DDEN,SCALE

INTERP=DELTAX/0,01°1,
IF (SCALE) 140,139,140
SCALE=3 .,

> errrrrrPrrrrrrPrrrrrrerrrrrEriErrErr i >rEEbErPrErEEREdrED>>
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CALL PLOTS (PLTARRAY,254,LUNL) )
CA P LOTISONM (XZERGJYZERQpNUMX|NUMVlDELTAXnDELTAY'SLANT.XNTE"PuH!
1DDEh|DkTAGETRcDATATABnPEAK)

XNEW = SLANT®(NUMYsL) « DELTAX®{NUMX=1)

CALL PLBY (XNEW, YZERB, -3)

CalLL PLOTS (0,0}

REWIND LUN6

PRINT 22

PRINT 18

PRINT 19, NUMX,NUMY,INTERP

PRINT 29; XZERO,YZERG,DELTAX,DELTAY,SLANT,HIDDEN,SCALE,LYNS

JF (LUN3) 145,145,142

LUN6=L UNJ ™

NUMYEN]

READ 17, XZERQ@,YZERG,DELTAX,DELTAY,SLANT,HIDDEN,SCALE
INTERPSDELTAX/0,.01=1,

IF (SCALE) 144,143,144

ScAaLE=1,9

CALL PLATS (PLTARRAY,254,LUNL) ,
CALL PLOTISOM (XZERO,YZER®M,NUMX,NUMY,DEL TAX,DELTAY,SLANT,INTERP,H!
1DNDEN,)DATAGETR,DATATAB,PEAK)

XNEW = SLANT#(NUMYwy1) & DELTAX®(NUMX=q)

CALL PLOY (XNEW, YZERG, -3)

CALL PLOTS (g,0)

REWIND LUN6

PRINT 19, NUMX,;NUMY,INTERP

PRINT 20, XZERO,YZERQ,DELTAX,DELTAY,SLANT,HIDDEN,SCALE,LUNG

IF (LUNA4) 149,149,146

LUNG=[ UN4

NUMYsN)

READ 47, XZER®,YZERO,DELTAX,DELTAY,SLANY, HIDDEN,SCALE
INTERPIDELTAX/q,. 0Lt

IF (SCALE) 148,147,148

SCALE=y,

CALL PLBgs (PLTARRAY 254, UN1) o
CALL PLOTISAM (XZERO,YZER® ,NUMX,NUMY,DELTAX,DELTAY,SLANT, INTERP, N1
{DDEN,DATAGETR,DATATAB,PEAK)

XNEW = SLANT#(NUMYw1) & DELTAXS(NUMX-1)

CALL PLAT (XNEW, YZER®, =3)

CALL PLBYS (040)

REWIND LUN6

PRINT 19, NUMX NUMY, INTERP

PRINT 2p, XZERG,YZERG,DELTAX,DELTAY,SLANY,HIDDEN,SCALFE,LUNG

IF (LUNS) 153,153,150

LUNSSLUNS

NUMYBNK

READ 17, XZER®,YZERO,DELTAX,DELYAY,SLANT,H]IDDEN,SCALE
INTERP=DELTAX/0.04=1,

JF (SCALE) 152,151,152

SCALE=1.0
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152 CALL PLOTS (PLTARRAY,254,LUN1)

CALL pLoTISoM {XZERg,YZERp, yUMX, UMY, DELTAX,DELTAY,SLA\T, 1\ TERP , H1

4DDEN, DA AGETR,DATATAB,PEAK,

REWIND LUNG

PRINT 19, NUMX,NUMY, INTERP

PRINT 20, XZER®,YZER®,DELTAX,DELTAY,SLANY,HIDDEN,SCALE,LUNG
153 XNEW & SLANTS(NUMYweg) « DELTAXS{NUMX=1)

CALL PLOY (XNEW, YZERA, =3)

CALL PLOTS (0,0)

END FILE LUNY

REWIND LUN1

CALL STOPPLOY

PRINT 21, LUNL,LUN2,LUN3,LUN4,LUNS

STeP

END

SUBROUTINE WEIGHT
c CAMPUTES THE SUMMATI@N OF HYDROPHANE WEIGHTINGS IN THE FIRSY
C DIRECTION WITH OR WITHGUT PATTERN MULTIPLICATIGN,

COMMON /BLK/ NHYDRO,WAVE,NSCALE W(403),X(400),Y(400),2(400),P(400)
1aSP(650).CP(65g).SR(650).CR(&SQ);LUNl.NHjKHT.ZAMP(éSQ),LUNZ.LUNS,N
21 /,NJ/sDATATAB(650),SCALE, NUMX,LUN4,LUNS,LUN6,LDP,NK,DAMP (650)

D& 2 131 ,NHYDRO

IF (WD) 2,4.2

1 wely=t,p
2 W(401)aW (401 )«ABRSIWL]Y)
RETURN
END
SUBROUTINE ZWE]IGHT (K1,K2)
C COMPUTES THE SUMMATI@GN OF HYDROPHANE WEIGHTINGS IN THE SECOND
C DIRECTIGN WHEN USING PAYTERN MULTIPLICATION,

COMMON /BLK/ NHYDRG,WAVE ,NSCALE,W(403),X(400),Y(400),2¢(400),P(400)
1:SP(650),CP(650),SR(653),CRI650) LUNLINH,KHT,ZAMP(650),LUN2,LUNS,N
21NJIDATATAB{650),SCALE,NUMX, LUNA,LUNS,LUNG, | DP,NK,DAMP(650)

De 2 Ksky,K?

IF (WIK)) 2,1,2

1 W(K)IEL,0
2 Wt402)eW(402)+ABSI(W(K))
RETURN
END
SUBROUTINE DWEIGHT (K3,K4)
c CAMPUTES THE SUMMATION OF HYDROPHONE WEIGHTINGS IN THE THIRD
c DIRECTION WHEN USING PATTFRN MULTIPLICATION,

COMMON /BLK/ NHYDRO,WAVE,NSCALE,W(403),X{400),Y(400),2(400),P(400)
1¢SP(650),CP(650),SR(650),CR(650) )LUNL,NH KHY, ZAMP(650),LUNZ,LUN3,N
21 sNJIDATATAB(650),SCALE ,NUMX)LUN4, LUNS, LUN6,LDP,NK,DAMP(650)

Do 2 K=K51K4

IF (W(K)) 2,142

B B B 2 B B B 22 2 2 B 3 B _J
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1 W(K)=1,0

2 W(403)=W (403 )+ABg(W(K))
RETURN
END

FUNCTION PHASE (A,B,R,S,T)

COMPUTES THE HYDROPWENE DELAYS DUE YO THE BEAM F@CUS,

COMMON /BLK/ NHYDRO,WAVE,NSCALE,W{403),X(400),Y(400),Z2(¢(400),P(400)
1+5P(650),,CP (65 )cSR(bso)aCR(bso)lLUNllNHakHY.ZAMP(éso)QLUNZaLUquN
21 /,NJ)DATATAB(650),SCALE, NUMX ) LUN4,LUNS ,LUNG, | DP,NK,DAMP(650)

DATA (AAx99,),(BB=99,p)

IF (A~AA) 1,2,1

SAzSIN(A)

CAa=COS(A)

AABA

IF (B-8B) 3,4,3

SRaSIN(B}

CRB=COS(B)

B3=8

PHASE=6,28319*WAVES (SA(RuCB+SxSBY«T»CA)

RETURN

END

SUBRBUTINE CALC (MN,M,AP)

COMPUTES THE AMPLITUDE DUE TO THE SUMMAYION @F ALL DELAYS [N THE

FIRST DIRECTION WITH AR WITHOUT PATTERN MULTIPLICATION,

COMMON /BLK/ NHYDRG®,WAVE,NSCALE,W(403),X(400),Y(400),2(400),P(400)
1+3P(650),CP(650),SRt650) ,CRIO650) ) LUNL NH KHT,ZAMP(650),LUN2,LUNI,N
21 .NJJDATATAB(650),SCALE, NUMX LUN4,LUN5,LUNG6,LDP,NK,DAMP (65p)

Azq,

8=8.8

be L I=1 ,NHYDRO ]

ARG=6 ,2B348+WAVEC(SP(MNY*(X(])SCRIMICY(TISSRIM)IISZ(I)*CP(MN))=P(])

AzA«W(])YWSIN{ARG)

B=BeW(])¢COS{ARG)

CONTINUE

AP=SQRY(A¢A¢808)

RETURN

END

SUBROUTINE ORTHORAY (MN,M,ZAP,K1,K2)}

COMPUTES THE AMPLITUDE DUF TO THE SUMMAT]ON OF ALL DELAYS [N THE

SFCOND DJRECYION WHEN USING PATYTERN MULTIPLICATION,

COMMBN /BLK/ NHYDRO,WAVE ,NSCALE,W(403),X(400),Y(400),2(400),P(400)
1JSP(650).CP(650);SR(650)vCR(bso)lLUNleH.KHT.ZAHP(bSQ),LUNZ,LUNS,N
21:NJ!DATATAB(éso)cSCALE.NUMXDLUN4pLUN5'LUN6,LDP.NK.DAMP(Gsn)

Azg., 0

B=0,0

DO 1 KeKi,K2

ARGz 6 , 28318« WAVE# (SP(MN)#(X(K)2CRIM)+Y(K)*SR(M))eZ(K)®(CP{MN))=P(K)
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AzA+W(K)NSIN(ARG)
B=B+W(KIWCOS(ARG)
CONTINUE
ZAPaSQRT(AwA«B#B)
RETURN

END

SUBROUTINE THIRDJR (MN,M,DAP,K3I,Ké)

CAMPUTES THE AMPLITUDF DUE TQ THE SUMMATION OF ALL DELAYS IN THE

THIRD DIRECTY]ON WHEN USING PAYTERN MULTIPLICATION,

COMMON /BLK/ NHYDRO,WAVE,NSCALE,W(403),X(400),Y(400),2(400),P(400}
1,SP(650),CP(650),SR(650),CRI63D ), LUNL, NN, KHT,ZAMP(650),LUN2,LUNI, N
21.,NJ,DATATAB(650),SCALE,NUMX,LUN4,LUNS ,LUNG,|.DP,NK,DAMP (657 )

Azg,

8:8,8

DO 1 KaK3,K4 )

ARG=6,28318eWAVES(SP(MN)*(XIK)*CR(MI+Y(K)®SR(M))e2Z(K)CP(MN))wPIK)

AzA+W(K)SsSIN{ARG)

B=BaW(K)*COS(ARG)

CONTINUE

DAP=SQRT(A#AwB«R)

RETURN

END

SUBROUTINE GUTPUT (K,A)

STARES THE RESPANSE CALCULATIONS IN LUN2,

COAMMBN /8LK/ NHYDR@,WAVE NSCALE,W(403),X{400),Y(400),2(¢400),P(400)
18P (650),CP(650),SR(650),CR(650),|LUNL NH,KHT,ZAMP(650),LUN2,LUNS,N
21 /NJ/DATATAB(650)»SCALE,NUMX, LUN4 ,LUN5,LUNG6,LDP,NK,DAMP(650)

DATA (NA2629(0)),(BA%629(0))

DIMENSION A(650), NA(650), BA(650)

NUMX 3K

poe 2 J”.‘K

BA(JISALJY /WA ) mZAMP(U) ZW (402 #DAMP () /W (43)

NA(J)=BA(J)*1000000,

IF (NA(J,=NSCALE, 2,2,1

NSCALE=NACY)

CONTINUE

IF CUNIT,LUN2) 3,4

BUFFER OUT (LUN2,1) (RA(1),BA(NUMX))

NHENH+1

RETURN

END

SUBRBUTINE OUTTWE (K, A)

STEGRES THE RESPONSE CALCULATIONS IN THE FIRST DIRECTION IN LUN3,
CAMMON /BLK/ NHYDRO,WAVE,NSCALE,W(403),X(400),Y(400),2(¢400),P(400)
11SP(0650) CP(650),SR(650),CRI650),LUNL NN KHT ZAMP(650)LUN2,LUN3,N
2L NJIDATATAB(650 ), SCALE, NUMX, LUNG, LUNS,LUNG, |, DP,NK,DAMP{657)

DATA (XA3629(n))
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DIMENSION A(650), XA(650)

NUMy EK

Dm 1 JSl.K

XA(J)=AtJI/Zul4qgL)

IF (UNIT,LUNI)Y 2,3

BUFFER OUT (LUN3I, 1) (XACL)Y,XA(NUMX))
NIzNl+]

RETURN

END

SUBROUTINE OUTTHREE (K,4A)

STGRES THE RESPONSE CALCULATIONS IN THE SECOND DIRECTION IN LUNA4,
COMMEN /BLK/ NHMYDRO,WAVE,NSCALE,W{403),%X{400),Y(400),2¢(400),P(400)
1,SP(680),CP(650),SR(650),CR(650),LUNL,NH,KHT ZAMP(639),LUN2,LUNI N
21 ,NJsDATATAB(650),SCALE, NUMX ¢ LUN4, LUNS  LUNG,LDP,NK,DAMP(650)

DATA (YAR629(0))

DIMENSION A(650), YA(650)

NUMX=K

Do 1 Js=i,K

YA(J)3A(J)/W(402)

IF (UNIT LUNG) 2,3

BUFFER BYT (LUN4,1) (YA(L1),YA(NUMX))

NJENJ+1

RETURN

END

SUBROUTINE QUTFOUR (K,A)

STGRES THE RESPONSE CALCULATIONS IN THE THIRD DIRECTION [N LUNS,

CAMMON /BLK/ NHYDRO,WAVE ,NSCALE,W(403),%X(400),Y(400),2(400),P(400)
1,SP(650),CP(850),SR(650),CR(650),LLUNLsNH, KKT, ZAMP (6303 ,LUN2,LUNS,N
21,NJ,DATATAB(650) ,SCALE,NUMX, LUN4,LUNS,LUNG6, DP,NK,DAMP (650

DATA (DAE629(9))

DIMENSION A(450), DA(650)

NUMX =K

DA 1 Ja1,K

DA(DIsA(JI/ZW(403)

IF (UNITLUNS)Y 2,3

BUFFER OYT (LUNS, 1) (DAC1)Y,DA(NUMX))

NK=NK+1

RETURN

END

SUBRBUTINF DATAGETR

INPUTS THE RESPBNSE CALCULATIANS F@R USE 3Y SUBROGUTINE PLOTISEM,
COMMON /BLK/ NHYDR@,WAVE,NSCALE,W(403),X(400),Y(400),2¢(400),P(400)
1,SP(650),CP(650),SR(650),CR(650),LUNL,NH,KHT ZAMP(650),LUN2,LUN3,N
21 ,NJIDATATAB(650),SCALE,NMX,LUN4,LUNS,LUNG6,LDP,NK,DAMP(650)
BUFFER IN (LUNG6,1) (DATATAB(1),DATATAB(NUMX))

IF (UNIT,LUN6)Y 1,2

DO 3 l=z1,NUMX

AXXXXXXXXXXXXXX [ SN SNY SR SNy SNy &Ny diy Shy SN

TXIXTITXTITIXTX rcrrrrr oo

. e e
WA HO OONOC VBRGNS

[v'S
E Y

|0 NS G -



NRL REPORT 7392 23

3 DATA TAB(I1)=DATATAB(])«DATATAB(1)eSCALE M ]
RETURY M 10
END M 11-
SUBRBUTINE PLOTISOM( XZERMA, YZERO®, NUMX, NUMY, DELTA X, DELTA Y, 00000100

1 SLANT, INTERP, WIDDEN, DATA GETR, DATA TAB, PEAK ) 00000200
IDENT NUMBER = J5003R00 00000300
TITLE = JSOMETRIC PLETTING 00000400
INENT NAME « JS-NRL=PLOTISEOM 00000%00
LANGUAGE = FQ@RTRAN 00000600
COMPUTER - CDC=3800 00000700
CONTRIBUTGR « HENRY A, RROWN, CODE 3344 00000800
TARGET CHARACTER[STICS BRANCH, RADAR DIVISION 00000900

ORGANIZATION « NRL =~ NAVAL RESEARCH LABGRATARY 00001000
WASHINGTAON, B,C, 20390 00001400

DATE « 1 AUGYST 1969 00001200
PURPBSE » TO PLOGT THE HORIZONTAL CUTS OF A FUNCTION 60004300

@F TW@ VARJABLES ONE CUT AT A TIME, 00004400

#xs THE FOLLEWING PARAYETERS 4UST BE SET Iy THE CALLING PR@GRAY -<- 00001500
00001600

--- XZER® & MORIZONTAL DISTANCE IN INCHES 10 {®WER LEFT HAND CGRNER 00001700
©F PLOT FROM PLAT BRIGIN 00001800

00004900

--- YZER® 3 yERTICAL DJSTANCE IN INCHES T® LOWER LEFT HAND CERNER 00002000
@F PLOT FRGM PLOT ORIGIN 00002400

00002200

=== NyMx s NyMBER OF DATA POINTS [N x DJRECTION 00002300
00002400

mes NyMY = NyMBER OF HARIZANTAL C,TS 7@ BE PLOTTED 00002500
' 00002600

-~ DELTA X % HORIZONTAL SEPARAT]ON OF NATA POINTS IN INCHES 00002700
00002800

--- DELTA Y % yERTICAL SEPARATION OF HWORIZONTAL C_yTS IN [NCHES oooozgoo
- 00003000

~-= S|LANT % HARIZONTAL OFFSET [N INCHES @F ADJACENT HORIZONTAL €,TS 00003100
. 00003200

-~- INTERP = NgMBER AF LINEARLY INTERPALATED POINTS T BE INSERTED 00003300
BETWEEN DATA POINTS 00003400

00003500

~-- WIDDEN .GT. Q.]F HIDDEN PRINTS ARE TG BE P|OYTED 000N3600
AT, 0,IF HIDDEN PRINTS ARE N@T TQ@ BE PLATTED 00003700

00003800

--- #NATA GETR* [S A SUBRRUTIMNE WR]TTEN BY THE USER AND DECLARED 00003900

EXTERNAL IN THE CALLING PROGRAM WHICH TRANSFERS INTO 00004000
DATA TAB THE NATA REPRESENTING ONE HORIZONTAL CUY FOR 00004100
EACH CALL T® DATA GETR IN SEQUENCE FROM THE FREGNT OF 00004200

THE PLOT T@ THE REAR AF THE PLOT, 00004300
00004400
*DATA TAB* IS THE ARRAY INT@ LHICW DATA GEYR TRANSFERS ONE 00004500

HORIZONTAL CUT BF DATA,

TH1S ARRAY MUST BE DIMENSIANED 00004600



LI K2x12

1

C s

30

31

32

*PEAKe 1S A WORK ARRAY ,,SFD BY PLATISOM AND M_ ;ST BE DIMENS]ONED
IN THE CALLING PH@GRAM FOR ( NUMX =1) sINTERP « NUMX
LOCATY]ONS

DIMENSI®N DATA TAB(4), PEAK(1)

LEON P. LaLUMIERE, JR.

IN THE CALLING PROGRAM FBR NUMX LOCATIONS,

EXTERNAL DATA GETR
ASSIGN 220 Yo [JUP

ASSIGN 32

IF( HIDDEN

TR JJK
+GT, 0, ) ASSIGN 210 T4 tJP

LMGK = 2 « [NTERP
DIX = DELTAX /( INTERP & {,)
NSLANT = INTF( SLANT / DiX )

Dzx = DIX

« NSLANT

NUBX 3 ( NUMX =1 )# [NTERP & NUMX
LM5 3 NUBX « NSLANT

LM6 = | M5

(2}

LM7 3 NUMX / 2

LM8 = Nudgx s 2

XZ a XZER® - DZX ] YZ = YZERG » DELTAY
Plc] 1 I = ¢, NUBX

PFAK(!) =

92

IFLAGD = «1

COMMENCE HWOR]Z@NTAL CUT LOGOP
0o 22 1y = 1, NUMY
IFLAGD = =1 & ]FLAGD

YZ 2 Y7 ¢
X2 = X7 =
CALL DATA

DELTAY
XZ « DIX
GETR

GO T s ks 30, 32 )

PREPARE FOR NEG X DIRECTIAN PLOTTING
X2 3 ( NUMX =1 )= DELTAX o ¥XZ

DELTAX = «1,% DELTAX

DIX = »1,* DX

LL = NUMX
pe 31 1 =

LL 3 LL =%

TT = DATA

.1
1, LM7

TAB(])

DATA TAB(l) = DATA TAR(LL)Y
DATA TAB(LL) = 77

CONTINUE

ASSIGN 32
ASSIGN 19
ASSIGN 21
ASSIGN 16
Go 10 33

ASSIGN 30
ASS1GN 16
ASSIGN 19

T0 1JK
T® JP1
Te JP2
Te JPI

TO 1JK
Te JP1
T JP2

00004700
00004800
00004900
0n005000
00005400
00005200
00005300
00005400
00005500
00005600
00005700
00065800
00005900
00006000
00006400
0no0é2go
00006300
00006400
00006500
00006600
00006700

06890
00006980
00007000
00007100
00007200
00007300
onon?4go0
00007500
00007600
00007700
00007800
00007900
00008000
00008100
00008200
00008300
00008400
00008500
00008600
00008700
00008800
00008900
00005000
00009100
00009200
00009300
00009400
00009500
00009400
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200

201
202

203
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ASSIGN 21 T8 JP3

Y2 = DATA TAB(1l) + YZ

YPK = PEAK(1)

IF( Y?2 .GT, PEAK(L1) ) GO YO 2
IFLAG2 = «1

GO TO 200

IFLAG? = 1

PEAK(1) = Y2

IF( IFLAGD LT, 0 ) GP T@ 201
IF¢( Y2 LE, YZ ) G@ T8 203
IF( Y2 ,LE, YPK ) GO Yo 203

Y3 = vz

IF( YPK ,GT, YZ ) Y3 = YPK
GO TO 202

IF( Y2 .LE, YZ ) GO Ta 203
Y3 = v2Z

CALL PLOT( X2, Y3, 3 )
CALL PLBY( X2, Y2, 2 )
CALL PLOTC X2, Y2, 3 )

CAMMENCE PLOTTING OF SINGLE HORIZONTAL CUT

C *x=»

210

C #»»
220

34

be 15 Ix = 2, NUMX

YP = Y1 5 Y2 % XL = 0,
XA = XP 5 X1 = X2

X2 = X2 + DE[TAX

Y2 = NATA TAB(IX) « Y2

Go TO 1JP,( 210, 220)

PLET ALL POINTS ( HIDDEN ,GT, p )
CALL PLOBY( X2, Y2, 2 )

GA TO 15

DA NOT PLOT WIDDEN P@INYS ( HIDDEM (T, 0 )
LM1 = JX *( INTERP «1 ) - L MCK
LM2 = LMLl + JNTERP =1

LMI = LMZ +1

SS = ( Y2 -Y1l )/ DELTAX

DA 7 1 = M1, | M2

IFLAGY = IFLAG?2

XL = XL + DIX $ X4 = XA * DIX
YL = SS & XL ¢ Y4

[FLAG2 = =3

IF¢ YL LT, PEAK(I) ) GP T@ 34
PEAK(I) = YL

IFLAG2 = 1

IFLAGM =]FLAGL « IFLAB2

IF IFLAGM ,GT, 0 4y GA TO 6

Irz IFLAG2 LT, 0 ) GP 7O 5

CALL PLOTC XA, YL, 3 )

Ga TP 6

CALL PLOTC( XP, YP, 2 )

XP = XP % DIX

YP = YL

25

00009700
60009800
00009900
00010000
00010100
00010200
00010300
00040400
00010500
00010600
00010700
00010800
00010900
00011000
00011100
00011200
00011300
onp114o00
00011500
00011600
00011700
onoi1800
00011900
00012000
0np12100
00012200
00012300
00012400
geo12500
00012600
00012700
00012800
00042900
00043000
00013100
00013200
00013300

34
89813588
00013600
0n013700
00013800
00013900
00014000
00014100
00014200
00014300
00014400
00014500
00014600
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70

18

159

151
152

153,

C »=»
16

17

18

C *=«
19

20

21
22

CONTINUE

LEON P. LaLUMIERE, JR.

IFLAGY = IF AG2 §  [FLAG2 = =1

YPK 3 PEAK
IF¢ Y2 LT
PEAK(LM3)
IFLAG2 = 1
IPEN = 2
1IF¢ IFLAGE
CALL PLOT(
GA YO 15
IF¢ IFLAGY
CALL PLOTY
CONTINYE
Y3 = Y2
IF¢ IFLAGD
IF( Y2 ,GE
IF( Y2 LLE
IF( Y2 ,GE
IF¢ YPK ,G
CALL PLBT(
CALL PLOTI(
CONTINYE
GO TO JPL,
SLIP PEAK
Dmn 17 1 =
LMy 5 ] ¢
PFAK(]) @
Dp 18 | =
PEAK(I) =
CANTINUE
GO TO JrP2,
FLIP PEAK
LL = NUBX
0o 201 =
LL s LL =%
1T = PEAK!(
PEAK(T) =
PRAK(LL) =
CONTINUE
GO TO JP3I,
IF( DELTAX
IFe DIx L
CONTINUE
END

(LM3)
. YPK ) GO T@ 78
= Y2

LT, 0 ) IPEN = 3
X2, Y2, 1PEN )

Ty 0 ) GO TO 15
XP, YP, 2 )

AT, 0 ) GO TO 150
. Yz ) 152, 153
, YPK ) GG T@ 153

. YZ ) 151, 153
T. YZ ) Y3 = YPK
X2, Y2, 3 )

X2, Y3, 2 )

¢ 16, 19 )
TABLE
1, LMS
NSLANT
PEAK (LML)
LM&, NURX
=52

( 19, 21 )
TABLE

+1

1, (M8

1}
PEAK(LL)
TT

( 16, 21 )
kT, g« ) DELTAX = =g,% DELTAX
T, 0, ) DIX = =1,* DIX

00014700
00014800
00014900
00015000
00015100
00015200
00015300
00015400
00015500
00015600
00015700
00015800
00015900
00016000
00016100
00016200
00016300
00016400
00016500
00016600
00016700
00016800
00016900
00017000
00017100
00017200
00017300
00017400
00017800
00017600
00017700
00017800
00017900
00018000
0no18100
00018200
00048300
00018400
00018500
00048600
00048700
00018800
000418900
00019000
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COMPARISON

Except for the companion program of Ref. 6 (Section 3.15), no similar program is
available.

TEST METHOD AND RESULTS

The input data deck illustrated in Section 3.9 was used in the program producing the
plots shown in Figs. 2a through 2d and the printout on the following 3 pages. The
plots are the computed responses of an array occupying a cube and are an example
of pattern multiplication. In plots such as Figs. 2a through 2d the vertical axis
defines the power response. The horizontal axes define the direction of the incoming
wave; the generality of the program makes any specific labeling arbitrary.
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Fig. 2a — Response of four hydrophones
along one edge of a cube

Fig. 2¢ — Response of four hydrophones along an
edge of the cube perpendicular to the plane defined
by the first two lines of hydrophones (Figs. 2a
and 2b) .

Fig. 2b — Response of four hydrophones along an
edge of the cube perpendicular to the first line of
hydrophones (Fig. 2a)

Fig. 2d — Pattern-multiplication product of the re-
sponses of the three linear arrays of hydrophones
(Figs. 2a through 2c¢)
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AYDROPHONE ARRAY RESPONSE TO A PLANE WAVE SIGNAL

SPEED OF SOUND =  4900,000

FREQUENCY = 490,000 »0,000 =0,000
ANGULAR VARIARLES

R(leJ) = 90,000 «0,000 0,000 1
R(2ey) = 904000 «04000 =04000 |
R(3¢J) = 0000 1804000 1000 181
R(4eJ) = 0,000 180,000 0,287 629

HYDROPHONE PATTERN MULTIPLIER

NUMBER OF HYDROPHONES = 4

X Y Z
45,000 0,000 0.000
30000 0000 15000
15.000 04000 306000
0.000 0000 45000

HYDROPHONE PATTERN MULTIPLIER
NUMBER OF HYDROPHONES = 4

X Y Zz
45.000 0000 0000
30000 0000 «154000
15,000 0.000 «30.000

0000 0,000 «45.,000

ARRAY IN THE FIRST DIRECTION

WEIGHT

1,000

1000
1000
1.000

ARRAY IN THE SECOND DIRECTION

WEIGHT

1,000

1,000
1,000

1,000
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HYDROPHONE PATTERN MULTIPLIER ARRAY IN THE THIRD DIRFCTION
NUMBER OF HWYDROPHONES = 4

X Y z WEIGHT
45,000 04000 04000 1,000
45,000 154000 00000 14000
482000 30.000 04000 12000
450000 454000 00000 1000

LARGEST NUMBER 999999 OR OCTAL 3641077

NO. OF RECORDS = 181 OR OCTAL 265 FOR LUN = 2
NO. OF RECORDS = 181 OR OCTAL 265 FOR LUN = 3
NO. OF RECORDS = 181 OR OCTAL 265 FOR LUN = &

NO. OF RECORDS 181 OR OCTAL 265 FOR LUN = 5

[



PLOTTING

NUMX
NUMY
INTERP
XZERO
YZERO
DEL.TAX

DELTAY

SLANY
HIDDEN
SCALE
LUN

NUMX

NUmY
INTERP
XZeRO
YZFRO
DELTAX
DELTAY
SLANT
HIDDEN
SCALE
LUN

NUMX
NUMY
INTERP
XZERO
YZERO
DELTAX
DELTAY
SLANT
HIDDEN
SCALE
LUN

PARAMETERS

629
18]
1

0.000
0,250
0,020
0,040
0,040
2,000
2

629

181
1

0000
0,250
0,020
0,040
0,040

wl,000
2,000
3

629

181
1
0000
0,250
0.020
0,040
0,040
«1,000
2,000
4
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NUMX
NUMY
INTERP
XZERO
YZERO
DELTAX
DELTAY
SLANT
HIDDEN
SCALE
LUN

LUN]
LUN2
LUN3
LUNS
LUNS

629
181

0000
0,250
0,020
0,040
0,040

«l,000
2000
S

A P W NI
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Security Classification

LINK A LINK B LINK C
KEY WORDS

ROLE wT ROLE wT ROLE wT

Underwater acoustics
Hydrophones

Plane waves

Computer programs

Array beamforming

Linear array

Planar array

Volume array

Array focusing

Array shading

Array pattern extrapolation
Pattern multiplication
Computer isometric displays

D ..o, 1473 (sack)

\GE' 2) Security Classification
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