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MEDEX DOCUMENTATION

INTRODUCTION

This volume contains the information necessary to understand and

op:rate the computer programs supplied with the MEDEX PROCESSOR. The

documentation is organized into three parts. The first provides a

description of each of six processing options open to the user:

1.

()] o S w ~N
. . . . .

Automatic Calibration

Beamforming

Editing

OQutput of Selected Tables to Paper Tape
Qutput of the Programs to Paper Tape

Output of .he Master Accumulator Table to Paper Tape

The first two options are of a more analytical nature and as such

are discussed in greater length than the more admisistrative routines (3-6).

The documentation for individual processing options generally fcllows

the outline:

1.

™

I S T -~

Introduction - A brief description of what the routine is intended
to do

Calling Sequence - How wie routine is entered and from where
Description of Input

Description of Output

Errors and Restrictions

User Instructions

Descripuion of Processing—keyed to a generalized flow diagram

of the routine

24



The second part of the documentation is a set of detailed flow
diagrams of the more analytical programs and subroutines. The more
administrative type routines are basically I/0 type routines with little,
if any, of the mathematical foundation inherent in calibration cr beam-
forming. Consequently, diagrams for these, beyond the generalized
level (already provided), are superfluous. This part of the documen-

tation is contained in an Appendix.

The final part of the documentation is a complete set of profusely
annotated 1istings, separately bound and provide with program titled

index tabs.




TP IO N CUSATRLSCY Swmvvetor oo L L
¥

EXECUTIVE ROUTINE

INTRODUCTION

The executive routine simply allows the user to select the type of

processing he wishes to accomplish next. The user can:

1.
2.
3.

4.
5.
6.

Perform automatic calibration

Perform beamforming

Edit certain operational parameters and shading coefficients
as well as display any or ail of the calibration tables
Output tables to paper tape

Qutput programs to paper tape

Output master accumulator table to paper tape.

CALLING SEQUENCE

The executive is automatically entered when the system is first

loaded.

It is reentered each time any of the six s .ibroutines has been

completed. The user can then select another {or the same) processing

mode .

DESCRIPTION OF INPUT

The only input the user enters is the numerical choice of analysis

type (1 to 6).

SR I ]



DESCRIPTION OF QUTPUT

The only display from the routine appears as follows:
INDEX

SELECT ANALYSIS TYPE:

1. BEAMSTEER

AUTOMATIC CALIBRATION

EDIT

PUNCH TABLES

PUNCH PROGRAM

(=) 1) ] & w ~N
- * . » *

PUNCH MASTER ACCUMULATOR TABLE CHOICE =

ERRORS AND RESTRICTIONS

If the user enters an invalid choice, the display responds with:

NOT VALID, CHOICE =

USER INSTRUCTIONS

The selection list automatically appears on the display after the
entire system has been loaded or if one of the six subroutines has returned
control. The user simply enters one number corresponding to his choice

of processing.

DESCRIPTION OF PROCESSING

The following flow diagram is selv-explanatory.
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CALIBRATION ROUTINE

INTRODUCTION

The calibration routine allows a calibration frequency to be enfered
‘nto every channel. All channels are then simultaneously sampled and the
resulting calculated amplitude and phase data is both displayed (and,
consequently, made available for hard copy) and stored in internal Tiles

to be used in subsequent beamforming analyses.

This routine is also used in dockside checkout tu verify that all
system interconnections are proper and give expected amplitude response,
phase response lin2arity, and noise measurements for the entire system -

signal path, extending from the preamplifiers to the CRT display.

Also, the routine is used to allow proper phasing and amplitude

control to be verified for the actual array signal path.

CALLING SEQUENCE

The routine is executed by simply typing a “2" when the EXECUTIVE
calls for the next type of analysis. However, 211 tables and parameters
required for calibration (enumerated below) must have been appropriately
initialized prior to exccution. This initialization is accomplished with

the £dit routine.

DESCRIPTION OF INPUT

The user is requested to enter a sei of control and analysis
variables via the display. Each request is made individually. For example,
"SELECT ARRAY TYPE (i, 2 or 3) AR =" i5 displayed when the array type i3

to be enterad. fFollowing th's request will appear the last value that




was entered for this request.* If the user wants to retain this value, he

simply hits a carriage return. However, if he wanté to change the value, he

enters the new value and this hits a carriage return.

The following is the 1ist of user entered data and structure:

>

Initial
Input Data  format Neumonic Default Value Comments

1. Array Type 1 TYP 1 "The index of the table in
which calibration data will be
stored based on array

type (1, 2, or 3).

2. Table No. 1 IFTAB 1 1, 2, 3: the second level
index for the calibration

table

3. Reference 1 IRC 1.0
Hydrophone
(or channel)

4. Frequency F FREQ

5. Bandwidth F BW

FREQ/BW must be an integer.

*yhen the current execution is the first time through the calibration routine,
default values are displayed.




DESCRIPTION OF OUTPUT

A calibration table is displayed giving both absclute and normalized
amplitudes and phases for each channe! . The table also
displays user entered data. Amplitudes are in dBv and phase is in degrees.
A sample calibration table summary is shown in Figure 2.

The primary result of the calibration routine is a calibration table.

This table is keyed by the array type (TYP) and the table number (IFTAB}. -

A total of nine tables can be generated. Each table is 128 words iong.
The table contains the complex reciprocal of the rectangular representation
of the normalized, unskew corrected DFT analysis coefficients. Each pair
of 64 coefficients are storeg in alternating sequence. The first (an§ all
subsequent odd numbered elements up to 127) corresponds to an X coordinate
and the seccnd (and all subsequent even numbered elements up to 128)
corresponds to a Y coordinate.(All vectors having this structure are said
to have the "alternating form.") Note that the internally stored cali-
bration table ciffers from the displayed “normalized” array in that the
calibration table is the unskew corrected, complex reciprocal of the

“normalized” array.

ERRORS AND RESTRICTIONS

When the user enters a value which is out of the acceptable range,
the request for the data is repeated. That is, an error is indicated by

3 repeated question.

USER INSTRUCTIGNS

To enter the calibration routine from the executive, simply type

“2" and a carriage return. The user then answers the questions. The
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range of acceptable values is displayed along with the request. Array type,
table number, and reference hydrophone all must be ertered without a deci-
mal point. Each entered value must be followed by a carriage return. (Key-
ing errors can be corrected by hitting the DELETE key if a carriage return
has not been mace.) The last value entered is displayed and the user has
the option to: {1) simply hit a carriage return if the value need not change
for the current calibration table, or (2) enter a new value.

After the ci ibration table has been displayed, the user can make a
hard copy by manually activating the hard copy device.

The user must then release the display by typing an "R." The cali-
bration routine is then completed. The user is then given the opportunity

to generate another calibration table or returr to the executive.

DESCRIPTION OF PROCESSING

Refer to the ngeralized Flow Diagram.

1. Enter calibration parameters.

2. Compute and store DFT coefficients (Subrcutine DFTCI).

3. Compute and storz  DFT analysis output coefficients (Subroutine
DFTD). This subroutine provides the software interface to the
hardware input raw data.

4, Use complex division to normalize the output of the DFTD sub-
routine to the selected reference charnel.

5. Create the skew correction table as a function of frequency and

sampling rate (Subroutine SKEK).

10
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10.

Calculate skew corrected absolute OFT output coefficients by performing

a complex multiplication (using Subroutine MATX) between the output

of the DFTD routine and the skew correction table.

Calculate the skew corrcocted normalized DFT output coefficients by
performing a complex multiplication between the normalized DFT results

(from (4)) and the skew correction table.

Print calibration table of absolute and normalized skew correcced

DFT results ir dB for amplitude and degrees for phase.

Calculate and store the actual calibration table by taking the complex
reciprocal of the normalized, but unskew corrected DFT coefficients

previously calculated under (4).

Store the frequency and bandwidth used for generation the current

calibration table.

n
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BEAMFORMING ROUTINE

INTROOUCTION
Beamforming is done by using real-time, digital phasing techniques.

In the computer, one beam sample is calculated from:

where
D = the beam sample

A1= the i-th signal amplitude and phase (from the DFT routine)

Bi= the i-th .channel amplitude and phase correction factors
(from the calibration routine)

C;= the amplitude and shading coefficients (from the STRPH).

A, B, and C are all arrays of complex numbers, rectangular form,
and elements in length. The complex D will represent the beam
sample at a specific analysis frequency and a specific analysis band-

width. Results are ultimately displayed both in tabular and graphical forh.

CALLING SEQUENCE
The routine is executed by simply typing a “1* when the EXECUTXVEf"-

calls for the next procedure. Execution of the heamforming routine ASSULS 7: N
that all required tables and parameters have been appropriately initialized. -
This includes an appropriate calibration table. ‘

DESCRIPTION OF INPUT

The user 15 requested to enter a 3et of control and analysis ?ariabtes

via the display, as well as set three sense switches. The-sense-swixébes:;

15
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(1) allow execution of the routine to be delayed until a specific time,
(2) allow bypassing the plotting rouiine, and/or (3) allcw the updating of
the master accumulator table (which is used tu cumulate overall summary data).
User entered data is requested in the saie manner as for the calibration rou-
tine, namely: (1) the request for data is made followed by the current value
of the input variable, (2) if the user simply hits a carriage return, the
current value is unchanged and becomes the new value to be used, and

(3) otherwise, the user's entered value replaces the current value after

a carriage return is typed.
A list of user entered data follows together with the format that is

expected (I = integer, F = floating point) and the mnemonic used in the

program.
Input Data Format Mnemonic  Comments
1. Array Type l TYP 1, 2, or 3
2. Table Number of I ISHD 1, 2, 0r3
Shading Coefficients
3. Range of Steer Angles F PHMN, The minimum and maximum steer
PHMX angles to be used such that

-90.0°< PHMN<PHMX<80.0°
(90.0° is forward and 0.0°
is broadside.)

4, Quantity of Steer I NSA
Angles to be used

5. Steer Angle Increment I INMOD 1 = sin (o)
Mode 2=208

Steer angles between PHMN
and PHMX can be generated
based on equal increments
in sine or simply equal
angles.

6. Bandwidth F Bl ,BW

16




7.

8.

10.

.

12.

13.

4.

]5‘

16.

Input Data

Format

Mnemonic

Comments

Quantity of frequen-
cies to be generated

Input Frequency Mode

(Only if MDFRG=1)
Frequencies

(Only if MDFRQ=1)
Vector of calibration
table to be used

(Only if MDFRQ=2)
First frequency in
sequence

(Only if MDFRQ=2)
Calibration table
number

Averaging Mode

(Only if AMOD=2)
Exponential Averaging
Time

No. of samples per piot
(1.e., the sample size)

No. of group of NF
frequencies to be
plotted

I

I

17

NF

MDFRQ

FRQ(*)

CALDX(*)

FRQ(1)

CALDX(1)

AMOD

TAU

NS

NG

1<NF<8

1=discrete
2=swept
3=retain

This gives the user the
option of: (1) entering NF
specific frequencies,

(2) creating NF frequencies,
each separated by one band-
width, or (3) retaining the
previous set of frequencies.

The set of NF discrete
frequencies

The set of NF indices to the
calibration tables. Each
element can be 1, 2, or 3.
(Note that CALDX(1) will be
used in conjunction with
FRQ(I) only).

One frequency only; the range
of possible values will be
displayed with the request

since the maximum is a function

of BW.

One number, 1, 2, or 3 to be
used for all frequencies in
the sweep.

I=simple averaging
2=exponential averaging

27A0<10°

-

Such that 1<NG-NFe3?.The num-
ber of sets of NF frequencies
to be displayed on the graph.

R R T R N S Y
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DESCRIPTION OF OUTPUT

The primary outputs of the beamforming routine are:

1. Graphs (amplitude versus steer angle)

2. Plot Data Table

3. Master Accurulator Table

The first two are summaries of the current run whereas the master

accumulator table summarizes data over a series of selected runs.

Graphs
The header of each graph contains the following supportive information:

1. The array type
The type of filtering used

The index number of the shading coefficients table used

H W™

A sequential list of calibration tables used for the respective
frequencies

The number of samples for each frequency

The axponential averaging time

The bandwiith in Hz

The date

O o ~N O u»

The time the current run was initiated

10. A scale factor that should be used to translate D8-V (e.q.)

i
;
kY
i
:i
;
3
E
8
i
3
;

0B-uV. This scale factor is input via the £DIT routine and
plays no part whatsoever in any of the computations. It is simply
an annotating device.

Figure 4 shows a sample graph with all but the first axes removed.

To the right of each plot is its respective frequency in hertz.

18
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Plot Data Table

The Plot Data Table is the tabular results of what was displayed on

the graph. [t displays the amplitude (in DB-V) for each of the selected

steer angles over each 6f the selacted frequencies. See Figureb.

The header contains the following information:

1.

h Tt s W N

10.
1.

The
The
The
The
fhe
The

The

. The

The
The
The

date
time
number of updates (does not apply for this table, see below)

scale factor (see explanation under Graph)

filtering type

array type

shading coefficient table number

list of calibraiion tables with respect to frequencies |
sample size |

exponential averaging time

bandwidth

Master Accumulator Table

This table has the same basic structure as the plot data table. The

only difference being the title and the parameter indicating the number of

times this table has been dpdated since last cleared. See Figure 6.

USER_INSTRUCTIONS

The beamforming routine is entered by typing "1” when in the EXECUTIVE.

The user should then set sense switches if he wants o delay execution

or eliminate the plots or bypass updating the master accumulator tabie.

The user then answers the questions displayed.

20



Y T T

m._ el . b

9 Pcz mwrw Ve o = o :w-om ’

1 .

b

1 89°18¢ 8o

: 8C o8¢ 80°8e

- 08°08¢ 88°%e

4 £8° 00 e

i $3°39 e

33 °9Ce s

3 29°88e 8-

99°33+ 8- ec-

: 8L°80 §o°9-

: Co° 8l 6°9-

3 89°83¢ gv-e- .

E . 08°C3e 20°91- .

3 . 936) 4

3 cecemccccccccicnccaaa(8€) IEALI VNV --ccrccccnccccnranen 37000 °HiS

2 sHAGINENVE P$3°¢  »3NIL OINIDVEINY 100 =3218 3IOWNS.,

3 T s3MWMYL I T o°ON ITIEVL INICGUNS

% T sldAbs SC°%e WOiII¥S WIS & S53.VE4R 0.
09:98:19 o< 1428 O3 3%V vave A0 .

-5 349l

.

s et




22

» sews

TR L 7 L T
$9°88¢ g°ges .
20°CLe 883
19°80¢ |} A
9 §0°80 0
IT°0%e 20 1-
3 39°%9e et~
¥ | [ 3 1 3 L 1A M
$8°83¢ o6° 8-
3 98°L8e $9°0~
3 9(° 98¢ e 0~
: s°9344 (938) .
cecccmemcvee—acenee=(fE) 3ENLI VYUY~ mccmemmmemcc oo IWaY °838

SsHIGINENVE OF ¢  «IHIL MNIYVEIAV 160 3218 FIAWS.

1 2376¥L °¥3 §  =°ON 31E¥: SNICUNS 3 =34
T s34aid SC°se BOLOVs IWIS 5  sEBAVEMR M0 |
00:98:58 9L 4438 S5 DMV B0LVIINADIV BRIV

) Igauld




3y
3

The first question gives the user an opportunity to rerun the routine
using the old input parameters. Typing an "N to the question, "NEW INPUT
PARAMETERS," will bypass all of ‘he questions and go directly to execution.
A "Y" will start the display of input questions.

The range of acceptable values is displayed along with each request.
Each entered value must be followed by a carriage return. (Keying errors
cch be corrected by using the DELETE key if a carriage return has not been
made.) The lact value entered (i.e., from the previocus run) is also dis-
played, and the user has the option to hit a carriage return if the value
need not change for the current run or enter a new value. A sample of the
question set is shown in Figure 7. The questions themselves are self-
explanatory. The last auestion gives the user a chance to escape back to
the start of the question set if he has made a mistake before actual
execution is started. Typing a carriage return indicates an acceptance
of all answers to the questions and actual execution is then started.

If, however, sense switch "0" has been set (indicating that the user
wants to delay the run until a specific time), the user is asked to enter
the time at which he would Tike execution to commence. He should enter
the time as shown in the following example (with colons).

14:23:30
Foliow this with a carriage return (as usual). Execution will then start
exacily when the system clock reaches the input start time.

After all plots have been completed, the user can make a hard copy of
the display if he wishes. Then, typing an "R" releases the screen and the

plot data table is displayed. If the user requested more than 33 steer

angles, a second page will be displayed when the first has been released.
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Unless the master accumulatoi has not been updated (sense switch 2 has
been set), this table is displayed after the last page of the plot data

table has been released.

DESCRIPTION OF PROCESSING

Refer to the Generalized Flow Diagram (Figure 8).

1. Enter and/or generate parameters and program control variables.

2. Generate the isometric plot axis and display input data.

3. Precompute the DFT coefficients as a function of the center
frequency and the analysis bandwidth (subroutine DFTCI).

4. Perform the DFT on one signal sample {subroutine DFTD).

5. Calculate the complex matrix product of the output from DFTD and
the appropriate calibration table.

6. Precompute constants used in calculating the amplitude and phase
shading coefficients.

7. Calculate the amplitude and phase shading coefficients and calcu-
late one beam sample using fixed point arithmetic.

8. Update the plot data table using either simple or exponential averaging.
9. Plot one line on the display. This graph represerts the average ampli-
tude (in DB) for a specific frequency over the entire range of steer

angles.
10. Update the master accumulator table, if required. This table can be
used to summarize data over 3 series of runs of the beamformirg routine.
11. Display the plot data table.
12. Display the master accumulator table if updated.
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EDIT ROUTINE

INTRODUCTION

The EDIT routine is used to perform any of the following functions:

1. Change the date that is displayed on all tabular summaries and
graphs.

2. Change any or all elerents of the amplitude shading coefficients
table. |

3. Change any of the basic plot format items {e.g., width or height
of a plot, distance between successive plots, etc.).

4. Display any internally stored calibration tahle.

[9a )]
.

Change any of the values of array spacing.
6. Change the velocity of sound parameter.
7. select any of three methods of DFT analysis: (1) Conventional,

(2, nanning, and (3) Wag

CALLING SEQUENCE

The EDIT routine is only called from the EXECUTIVE routine by typing
a "3." fEditing is usually nne of the first activitieﬁ the user will per-
fom in setiing up subsequent analyses.
DESCRIPTION OF IPUT

A1l input data is entered via the dispicy. As betore, the user is
presented a series of questions or options. His answers und selections

deternine what and how data is to be edited.

CESCRIPTION OF OUTPUT

When single valutd parameters are to be edited, their current volue

is displayed. The user can then determine if he wishes to retain ibn
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current value (by simply hitting carriage réturn) or changing the value. :
Tables subject to editing (exclusively the amplitude shading coefficient :

tables) are displayed in their entirety before actual changes can be made.

(See Figure 9.)
Option "4" simply displuys one entire calibration table as it is

stored internally. No alteration of the table can be made with the EDIT

routine. (Such alterations must be performed by rerunning the AUTOMATIC

CALIBRATION routine.) An exumple is shown in Figure 10.

USER INSTRUCTIONS

The user enters the EDIT routine by typing a "3." The following is

then displaye&:
EDIT OPTIONS

1. DATE
AMPL
PLOT FORMAT
. PRINT CALTB
SPACING
C EDIT
OFT €DIT

~N O ! s W™

CHOICE =

3

i
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The user makes his choice by entering the selected index number.

Following is a description of each of the options:

1.

DATE

Ontion 1 responds by displaying the entire date (e.g., 30 NOV 74).
Then day, month, and year are dispayed respectively, and,

after each, the user must either retain the current value (which
has also been displayed) by hitting return, or he must change

the value. Months are entered as integers 1 to 12, and the year
is represented by only the last two digits, i.e., 74.

AMPLITUDE SHADING COEFFICIENTS TABLE

Option 2 responds by asking which of the three possible amplitude
shading coefficients l.ubles the user wishes to edit. The selected
table is then displayed (e.g., see Figure 9). The user is then
given the option to edit a specific element or set all elements

to a constant. If the latter is chosen, the user must enter the
specific constant to which all elements are to be set. After all
elements have been assigned, processing continues in the single

element edit mode,

Single elements in a table are edited by selecting the element
number (1 to 64) and then entering a value. (As always, a numeri-
cal response must be followed by a carriage return.) Typing of
just a return after "ELEMENT NO. =" appears, escapes editing of
this table, The user may then either continue editing another

shading coefficients table or return to the edit options list.
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3. PLOT FORMATS
Option 3 allows the user to alter the dimensions of the plots.

The foliowing nine parameters are displayed and edited, one by one.

DZX - The X-distance (in plot points*) from absolute "0" (on
the screen) to "0" on the first plot axis.

DZY - The Y distance (in plot points) from absolute "0" (on
the screen) to the origin of the first axis.

IND - The width of one plot axis (in plot points).

IHI - The height of one plot axis (in plot points).

DX - The X distance (in plot points) from one plot origin to
the next.

DY - The Y distance from cne plot crigin to the next.

LSW - The light switch, "0" removes ali plot axes but the first;
"1" includes all axes on the plot.

YMIN ~ The lowest value (in DB) to be displayed on the vertical

scale.
SCF - The range (in DB) of the vertical scaling (note that the
highest scaling number on the vertical axis is SCF - YMIN).
Actual data plots will be truncated below YMIN, but will not be
truncated *bove (SCF-YMIN), the highest scale value.

*There are approximately 100 points per inch vertically and 115 points per
inch herizontally.
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PRINT CALIBRATION TABLE

Option 4 simply asks the user to select a specific table and then
displays it. The user can, at this point, make a hard copy if
he so desires. A return to the edit option 1ist is accomplished

by typing an "R" to release the screen.

SPACING

Option 5 allows the user to enter the array spacing (in feet) for
each of three array types. The first spacing parameter will be
used when array type one has been called for. Similarly for
array types two and three. Each respective spacing parameter is
displayed as it currently is stored and the user can enter a new
value or retain the old. A carriage return after editing the
third spacing parameter returns to the edit option list.

VELOCITY OF SOUND (C).

Option 6 allows the user to edit this single valued parameter

expressed in feet per second.

OFT EDIT

Option 7 allows the user to select the type of filtering he wishes
to employ; 1 is a straight DFT (rectangular window); 2 employs

a Hanning window; and 3 uses a Wag window. After making the
selection, the user is requested tc enter a DfT scale factor.

This simply is a constant that is used to annotate every output.

It does not affect plotted or tabulated outputs in any way.

When the user has finished editing, he can return to the EXECUTIVE
by typing a carriage return whenever a choice is to be made from the edit

option list.
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DESCRIPTION OF PROCESSING

The processing is relatively simple since it basically involves the

following steps (for all but Option 4):

1. Select data to edit.
2. Display current value or values.
3. Change or retain current value.

4, Continue edit or return to executive.

The following flow diagrams are self explanatory.

40
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PUNCH TABLES ROUTINE

INTRODUCTION

This routine allows the user to store the calibration tables on paper
tape. In addition to the calibration table, the routine punches the ampli-
tude shading coefficients and a table containing header information for

each of the calibration tables.

CONSTRAINTS

This routine punches only a specific section of core, specifically,
that section containing:

1. The calibration tables

2. The amplitude shading coefficients

3. The header table.

4. The Spacing Table

CALLING SEQUENCE

This routine is called as one of the options of the EXECUTIVE routine.
The program is usually executed following generation of the calibration
tables, thereby allowing the subsequent use of the calibration tables

without requiring their regeneration via execution of AUTOMATIC CALIBRATION.

DESCRIPTION OF OUTPUT

The sole output of this routine is a paper tape containing 2724 words

of data in binary.

USER INSTRUCTION

This routine is entered from the executive by simply typing “4" and

a carriage return. The user is then reminded (via the display) to turn

45




the paper tape punch on. The user must then type any key. This starts
the punching of the tables. On completion, control is returned to the

executive for further processing instructions.

DESCRIPTION OF PROCESSING

The entire routine consists of a call to subroutine PUNCH. This
subroutine is passed the beginning address of the first calibration
table, the last address of the last header table, and the address to

which the loader is to return on completion.
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PUNCH PROGRAM

INTRODUCTION
This routine copies all programs onto paper tape. Internally stored
data is not punched by this routine. (Selected tables can be punched

using the PUNCH TABLES routine.)

CALLING SEQUENCE

The program is only accessible from the executive routine. It is

entered by typing & "5."

DESCRIPTION OF OUTPYT

The sole output of this routine is a paper tape containing approxi-

mately 14K words of proyram in binary.

USER IHSTRUCTIONS

The routine is entered from the executive by typing a "5" and a

~ carriage return. The user is then reminded (via the dispiay) te turn on _

the paper tap2 punch and then type any character. lhis initiates the
punching of the first of two sections of core. The uscr is notified (via
the display) when ;he first section has been completed. The user shouid,
at this point, cut off this segment of tape sfnce keeping both sec:iéns
on one tape will make the fan-folded paper tape slightly unwieldly, The
punching of the second section is started Ly typing any character. On
completion, control is returned to the executive for further processing

instructions.
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DESCRIPTION OF PROCESSING
The entire routine consists of two seauential calls to subroutine
.; . °'.§ ' PUNCH. The first call passes the beginning address of the first core
'é ) é; section of programs, its last address, and the address to which the
% 'é% loader is to return or completion. The second call punches the second
é Zé1 core section utilizing a similar call. |
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PUNCH MASTER ACCUMULATOR TABLE ROUTINE

INTRODUCTION
This routine allows the user to store the master accumulator table

on paper tape.

CALLING SEQUENCE

This routine is Option 6 of the executive routine. It will be used
primarily to store cumulative results for particularly long runs. Subse-
quent input of this table allows the user to start "where he left off"

when reloading the system.

DESCRIPTION OF OUTPUT

The only output of this routine is a paper tape containing 1040

words of data.

USER INSTRUCTIONS

The routine is entered from the executive by typing "6" and a
carriage return. The user is then reminded (via the display) to turn the
paper tape punch on. The user must then type any key to initiate punch-
ing of the table. On compleiion, control is returned to the executive

for further processing instructions.

DESCRIPTION OF PROCESSING

The entire routine consists of a call to subroutine PUNCH. The sub-
routina is passed the beginning address of the master accumulator table,
its last address, and the address to which the loader is to return on

completion.
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APPENDIX

Detailed flow diagrams are included for the following analysis

programs and subroutines:

Programs and Subroutines Figure Page

Automatic Calibration (AUTOF3) 1 A-2
A-9
A-10
A-1
A-12

SKEW
MATX
CNVRT

s W N

Beamforming (BEAMX)
A-34
A-36
A-40
A-44

DFTLI
DFTD
SCAL
N AXIS
AMPC 10 A-47
FIX n A-48

[ < B R . i)}

FIXPT 12 A-50
STRPH 13 A-54




AUTOMATIC CALIBRATION

—
( smrr )

/A
S TR D

DISPLAY " SELECT ARRAY TYPE
(=L, 2:M,  3:=H)

+

[ ACCEPT

Trh

U ——

D/SPLAY SELECT TABLE NUMBER
(/,2,0R3)"
Y
ACCEPT
JFTAB

!

’ LSAAY  SELECT REF 1Y DROPHONE"

1
ACCEPT
ITRC

[a/spu Y CFREQUENCY [GANDWIOTH) % BW ]

= CENTER FREQUENCY ”




e

Z

[ DIStit's FREGUENCY

ALCERPT

FREQ

3

D15PLAY  BANODWIOTH

]

SR 15 A GLOBAL
"THE SAMPLING RATE"

(2]

(3)

I

ALCEPT
Ew

|~

—_

N=3R/BW

L

CALL
DFTCI

(N,FREQ£x8)

A —————————

|

CALL
DET D
(M)

Fia |

A-3

/ FREG [BW = INTEGER

12.8w=ANY ONE 0F AN

DATE CHECH ]

ACCLETABLE SET

FLOATING FT. DIVIDE THEN FIX N

(SEE THE BEAMFLANING FLOW
OIAGRAM FOR UETAILS OF
THESE SUBROUTINES)




NORMALIZE OUTPYT MATRIY /FMT)
FROM DFT DAT TO REFERENCE
CHAWNEL CIRC)

|RPL = IRCR2

(4)

IREF=1RP1-1

I, B
DENOM=FMAT (IREF) KFMAT (LREF)

+ FMAT (TRP1) ¥ FMAT (TRFI)

—— o .___.._J,

COMPLEX DIVISION { 002
1,68 )T

_......_I_../
IIP1=1%2
(72=11P1 -1
B B ———

LTORE=FMAT (12) X FWAT (IREF)
# FMAT (IIP1) X FMAT (IRFL) |

} e o o e oo 0 g+ g

EMAT ( 7 IPI) =FMAT IIIPI) & FMAT(IREF)
— FMAT (12) ¥ FMAT(I/(PI)

- e etp—

EMAT (12) = z
STORE/DEMOM |
- __ 1 -
EMAT(1IP1) =
EMAT(11P1)/DENOM




SKCISA IX128  (5) CALL SKC =SKEW CORRECT ION
FLOATING PT. ARRAY ’ ARRAY
smw«mqsxcj
T
(6) CALL
MATX(FMAT, SKC, FMAT) FMAT NOW CONTAINS
SKEW CORRECTED
1 ABSOLUTE FOURIER
COEFFICIENTS
CALL
(7)
MATY(EMAT, SKC,GMAT)
| ~ GMAT Now CONTAINS
_ NORMALIZED SKEW
TRF = CORRECTED FOURIER
IRC #2 COEFFICIENTS
4
J/=
JRF =1
caLL CALCYLATE

ADTYSTMENT

CVVRTGMAT(T1), GMAT(TRE), DuM, ADJ) | FACTOR

(8)

PRINT HEADER |

FOR CALIBRATION
TMBLE

RTIME {
SET CURRENT
TINE

%

Fily i

A-5




3

22\

>N

£32:1+32 |
o
DIMENSION CLPRT(8) | K/: L ¥ 2J

|

V.EN. A4

B -

K132:L32%2
K32~KI3Z2-/
e
CALL

CAVRTIFMATIK), FMAT (K1), CLBRT (1), < LPRT(2))

R

I O CAlL
| CAVRT(GIMATCK), GMATIK) £ 20T(3), 7 PRT(4))

- ———pr i+ sl

Cuaercyy: ccRTA) - AD7_|

CALL
CNVRTUFMATIR D), FMAT(K/3E), (L PRT(S), CLPRT(6))
L -
1ALl

CHVRT(GMAT: 32, GMATIKI32), 7 19RT: 73, L BRT(8)

- e—m— e er———————

[CLART(8 = CLPRT(R)-AD.T ]

A —— A Ao ¢ —" A posate  Ma—————— 33

]

BOINT NNE DATA
INE ON THE CAL,
ABLE (C:PR7(T) ]+/, B)

A

KM

E : ] Fla. |
A




GATF FOR TAKE COMPAPLEX RECIPROZAL
TECHPLOT RELEASE\, OF EMAT ANO STORE /N ‘
COMMAND CALIBRATION TABLES (CALTR)

9 002
6

I=/6% /)
. -
K= Tx2 |
A=KI-/ *
t
DENOM = ‘

EMAT(K) % EMAT (K) + EMATCKI) % EMAT(KI)

j ]
DIMEN.SION CA.TB(TTR IFTAB K)=

L78(33/28) EMAT(K)/ LENOM
GLOBAL)
1 .

CAL ™3 (17R JFTABKL) =
~/.0 *EMAT (KI)/ bW oM |
(2,

(10) N

DIMEN STON HOR(TY 7 -,rmﬁ:r/.)“ STk ALEADER INFO,
HOR (3,3,2) 6L 0BAL ~FREQ

bt vy 4w S ——

1

|HORCTYR 1 TA8L)
a g
-

k5)




DISPLAY “HAVE YOU FINISHED
CALIBRATION (Y OR NJ*

t

ACLEPT
IANS




SUBRDUTINE SKEW (FREQ, SK)

e

eK |3 A VX128 sm&
FLOATING PT. ARRRY "
SK (1) =1.0
SK (2) =0.0
[ ]
CNST =

FREQ®2.0% Pl / (66.045R)

ANi=1¥2
K= K1-]
)
YML 15 FLOA (VG YMI=1-1
PT.
T [} '

PHI = ]
YMIRCNST]

‘b.__-.,‘. — o

SK(K)=
COS (PHI)

SK(Kl)=
SIN(PHI)

RETURN

Fi6 ¢
A-9




SUBROUTINE MATX(A B, C)

A B C ARE ALL aay )
/ X/28 ARRAY S \7-3
Y,
002 I =

K/ Dxi
& /r/*/_!
B B

STRC - A(K) 8(K)
-ACKi) * B(K/)

‘ ——
\CCki) ~AKL) % B(K)
+A(K) x B(ki)

e ce ) ——————
..-_L- - o

C(K)= STRC |

A

-l

t’fz“f

\ XET (/Rél/

Sis 8
A-10




SUBROUTINE CNVRT (X,Y,AMP, PHASE)
(" smrr )
. T

- ————

| SOURIER COBE XY AMP28)

E e (o6) mps 2oy
5
| Amp-20L06 (AWP) AMP =
y 434295 =L0G (AMP)
g PUASE =
| ARC TAN ( Y/X)
PHASE =
. x PHASE % 57 29578
| | B
;- ‘
Cyeo.0 HZEE
" i YESOLUTION OF TRIGON (METRic - © l
| AMBIGLI TIES O £ 0.0\ NO
| 3
2 \*(0\ YES %)’[‘
3 " | mwace - V| owdsE =
1 NO \odcz . 000| | owAsE 4360
| |
|,
L
i o
e RETURN
St
i
1 Fis 4
A-11




NSRRI s e

ety

BLAMEORMING

( STAKT

v

3

2

r: Y

- e o P
] i

: ——————— et e e e e+ e
3

. DISFLAY “PLEASL SET DESIKEL SEMSE
2 ’ SWITCHE.  SETTING

SS@ WILL REGQULST START Tiiie
551 wilL BYMass PLOTTING
$S2 Wikl BYPASS UPDATING The MRLTEE
ACCOMULATOK TABLE ~
3 DIseRy NLw | NOT !
F [PARAMLY RS 2 LY oMJ'J

k. 3
;- ) - .-l,‘..
: i

: .
« v - - e
L L' T t
[ms:u' SLLEC! ARRNY TpRL J

L (1710w, 20 MLD, 3 wan)

!

Figure 5 :BEAMFORMIV o Page_ | of s

A-12




LA
J\,:._Z.-«.

GiStkLAYT CSELECT TABLE  OFf

P ONCCEPT
' ISWp

S S

i

‘ SR ING \.ccrm(;c,m* U,2,0K 3)’ f

D\SPLM " ENTER RANGE or—‘ S.Tr_ERI
ANGLLS (=90 To +90, 90 D@, 7
FORWARY, @ PEQ. "BKOA.J&;N'.) i

o

ALLE.P i

i PRMX
I

[ PAMNR -
PMMN/PTR

*-
PHMXR =
PHMX?DIB__
STEER(Y)

T PHMNR

N L —_—

[ 51 sin (PAR) |
S23 SIN (PHMNR)

\3

PHAMN 4~ - -

{ ‘“HL.C-K 1 HF\W

FHYN £ FAMK|
(F NOT, Switch

VRLUES

. i,

DEG, —» RAD

Figure 5 :BEAMFORMIN(g

A-13

Page « of ¢¢

d
%
4




—%’r;
T

PLTAP =
SI-SZ

.

NPT
LTAP X 32. J

DISPLAY “THLRC ARE | NOAY, 1
VUNPLPLNDENT AN SLES ' _J

o~ P T PR P T O

i,

3

i

.
P . \I
t

Q\spu\y . ENTER NO) SThtk AM(»LE?,
e

5 BEAMFORMING

A-14

G a0d

A O R N N S S T S A v




s

"\‘4__,'
¥ I
DISPLAY " SLLECT S TEER ANGLE INCREMULNT
MOOE BASED ON EQUAL. \MCREMENTS OF
12 SIN(PHL) Ox 2= PHI”

- LI

ACCEPT
INMOD

LQUAL INGREMENTS (N [ purae = l
)

SIN(PHT)

I

—e }-—,_-q

STG =
.wsm(szm\:rwv.(xq)

Iy

l]K?K#l

\S

Figure

5 : BEAMFORMING

A-15




e
STEER {K)
- 20.0 - !
STLeR(K-1)<0.0 AES
r\”“ - - - '~~"'.'-.-'-—-—-—--
STANG 0.0 : 1
i o B
' STLLR (K)
NO 0.0
e@eeem - cem <t e et i o -
’ :Jreamnﬂ
1 2STANG I
Ve
Q
Pigure S :BENAFORMING ‘ Page 5 of .C
A-16




}—

( ) >‘ ,Ki/
YRy
ey

g~ &

LQuAL ANG UL AR
INCREMENTS

R

(NCF -y

{oyn
\
L

Sl
N ‘ 1- Z,N:,A//
R

[noha]

! \‘.'\N(h - ) i
PAMN K + ‘
omm(rl)_J

v
Vi :

r : C <0002 SSTANGS @
¢

STer w (R ! l\m}
<0t I oy

ke - *
— e ) s A )

N EING 0.0 T ———
o -

} t;;luk(l ) '-).Ol
"r'_J_;
M pNel

T At v ———— ¢ v :—

|
|
|
t.

' [ TLLR(R)
L:‘S\M(?_J

‘
Vet fmen N NG L
7 Lok e .(. o

Figute 5 : BIAMFZRMING Page_© of wc




L DISPLAY “ENTER BANDWIDTH u"zj]

s e & A e - e—E—— - [N

NEW VALUL ?

DisPury “ENTER TOTAL
NUMBER (F FREQUUNCOLS
(\~8) TO BE YSED"

—

ACCEPT
N ot

JISPLAY 'ENTER SELECTION OF INPUT
FREG, MODL ¢ 1 = DISCRETE, 2 = SWLPT,
3 = RCTAIN PRLVIOUS SET

\8/

Tigure S :EEAMFORMING Page_[ of ¢

A-18




'/NUFRQ A SWEPT

2 3TRETN
\l:otSCRETL

“DISPLAY VENTER °) NF, |

“FREQ.
- 1 — CHECK THAT EACH
| é‘;ng) FREQ. 'S EVENLY
1- )QNF P77 pivisvBLL BY
] [ aw

e

DISPLAY “ENTLR VECTOR GF CALIBRNTION TABLES
I TO NP, U ELEMENIS  ERH (UMNT 1,2,0R3]

4

NCEPT
<ALDR (D),
1=\ NF

Pigure S : BEAMFORMING Page B of 22

A-19




- B
- 3
l i
. =
k. ‘5

4]

b - -

3 i

b

DISFLAY “ENTER INITIAL
SWEPT FREQ.,

. s
R P Y

r ACCLPT

| FrRaU)
{

CHECK 17 FRQ(1)/BwW
T T 7 1S AN INTLGLRR

LooP 2
L= \NF

A U
k3
FRQ(T) =
l FRQ(T-1) +BW

. ; . 0
. FWISHLD L__J

Mgure 5 : BENWFORMING Page Y ot 22

A-20




PISPLAY “SELECT CALI-
BRATION TABLE (1,2,013)

ATCEPT

CALDR(L)
=CALDX(L)

OA B

b

DISFLAY “SELECT
BVERNGING MOLE ¢
1= SIMPLE | 2 T EUDNENTAL

NCEPT
AMOD
.
Pigure 5 : BEAMEORMING Page {( of 22

A-21




IYLS
MSPIAY CENTER EXPOCNENT!IAL
AVERAGQING TIME (.2 TO /0%#6
MIN.)

ACEPT
TAUV

f TAUL =
| Lo/(Bux TAY)

J—

TAUY =
EXP (TAVL)

DISPLAY "ENTER TOTAL NUMBER
OF SAMPLES PER PLOT ™

Pigure S5 : BLNMFORMING

Page !| of 22

A-22




DISPLAY

" b-é)L‘ THL US&K WANT
TO CLEAR THE MALTEK AlCU-
MULATOR TABLE 7 (Y 0R N)

CLERAY 1AWST LK
AN CUMULATOK
TARBLE

'

MCEPT
IANS
1

IANb
—*Ya >_‘——'—ﬂ

NG

- ATM(I 7)=

IaNSe

S S
| Naman =
!
| 32/N¥

Pigure S :BLAMFORMING

A-23

Page |2 of 24




4

- _
ZONGMRR L

=1 -
7/

-
I Ho

DISPLAY *ENTER NO. QROUFL GF " |

NF, ~ FREQ. TO PLOT (iTO 7,

’

NGMAY, " ) "

- N i

ACCEPT NG =

NG l
g~

DISPLAY " RETURN TO GO ANY-
TRING ELSE REPEAT QUESTIONS

S

Pigure 5 : BLAMFOWMING

A-24

Page '3 of 2¢




L

SY WO
SET
Y
YES

~

DISPLAY “INbuT TART
TIME KK MIN® SEC”

i el ]
STREY
TiME

w:ri
WAIT FOX
SIBRT TINE

_-t

CLEAKR LLOT
DATA TRBLE

Pigure § : BLAMFOKMING Page |4 of cc

A-25




INTPr}

|

_;r PLTE (NTP) |
’ TFRQ(K)
F\NL.K.D\

Tigure | '@ BEPRMFORMING

A-26

Page !5 of 2¢




AXIS
GENERAI L ]
PLOT MRS

Box §.

| DISPLAY
[ INPUT DRATA
L on PLOT

PUNQ
=]

{
l'?/'

Figure S : BEAMFORMING

Page b of 22




¢

AL
DFTCY FREQRY &, NDFT )

SAMPLL
LOOE
IStaPL <
1, NS

(8
N2

ICAL=
CALUA(TFREQ)

1

CALL
CFWINDFT)

o |
COMPYTE
PUINTER TO

CALBRAT ION
ThiLe

of

~
»
™~

|
|

Hgure £ : BEAMFORMING Page |

A-28

P I

LR AGARY R SRR P R S AR s




EMAT(K) =
CALTB(TYR, ICAL, K)

EMAT (K1)
CALTB(TYP, TCAL K1)

« ROOP|
?

YES

_ R
N
MATX(EMAT, FMAT, Q)

CALL

AMPC(ISHE, T)

N

Figure 5 : BEAMFORMING

A-29

ROMARI SR RS R

Page | B of 2c

S o ARG R ik : YRy



CALL FIX(FRQUIFRER, |
NSA REM,C,TY?)

CALL FIXPT (NSA, ¢,
REM, TES)

NSS = (TaP-I)
¥NS +
IsSmpL

1
/—Coop t

I:),NSK /®
L.A.ﬁ

COMPUTE POINTER
TO ACTAR (TFREQT)

SIMPLE AVERNG ING

Yes AMOD NO EXEINENTIAL. AERAGING
{ - '~ = | 1
ANTRB(IFREQ, L) = ) \/ NCTAB (FREG, T) = TBS(T)
ACTABTFRLO, ) #{Nst ~1.0)+TBoIL) + TAUL ¥
e NSS ) (NCTRBAFRER,T) - TBS(1)
t e 4
ﬁm/;N .
. LooP
=%
W
Figure S BLAMIOKMING Page |2 of 24

A-30

e Aoy Yot s1e GRS Bt SR i B A R s s b R At bt




ANISHED

3
'\}
;_//

“SAMPLL LOGP
5\‘ o

581 SEY
N
S

AI NO
SCRL

ZOMPUTE
VECTOR OF
PLOT ORDINATES

PLoT

FLOT

OATH™

/nms ) NO

&

s

IREQR. Looe

NG Jé’.l..a
N/
P O of 22
Figure 5 :BEANMFORMING age_2Oof 22

A-31

O PR AR A SRR RO SRR




Ve

@.__.

CPONYL MASTEE
NCUYMUVATOR
I BLEY

[\
y,

w °
_ B Ass2 sy
N e
’ ~ . ) /"/

¥

\:\-/A\T | FOK
DISPLAY
RELLASE

15A=1 NSA

NMOQFREQLER) =
ATM(IFREQ ISK) +
A THE(IFREQ TSR)

PG TTNNL
<L LDoP 2

o
W

~

-

YEL L FINIGHED

¢

N

LOOP |
?

Tigure

A-32

Page 2 of 42

T e ARG 2 SN




! N

X

’

TRELG I

DISPLAY PLOT
DRTA 7 AHLE

'S YE©
(b2 SET
?

Doy CARLTER
ACCUMLLATOR TABLE
WAS NOT UFLATED"

TABLG

DiSt LAY MASTER
ALCOMULATOR
TABLE

e

PR

7 RETURN TC
EXECUT\WVE

Figure S : BEAMFORMING

Page Z¢.0f &2

A-33



-
.
10X
I
23

g -

Vanntamn
{ START )

e
.'/’ 5
<{FTvp=1

\.\ /

[
X
INITIARLWZE '

(ONSTANTL PR
FTyP =20k 3

YES

e ——
S .

LoV

SUBROUTINE DFTCI ( FREQ¥B N)

VI91, N
—

REDUCE ANGLE
TO FIRST QUADRMWY |

SIN(F0-%) VIR
THE SIN BLOCK

TO ULTIMATELY “IN T
WMPUTE COS = I :\

o
] KEEP TRACK OF SKaN
tx
computh
SIN
COMPUTE 90~ X

/
SIN OR
s ?

tos

Figure § : SUBROUTINE DFTCI

A-34

Page_ | of 2




‘r MULTIPLY SIN WD CaS MULTIPLY SIN AND OS
! - N 5-5cos[ S5~
|  +.08 s {““J_(_J.ti)]
- J
e

-

STORE COS IN Higw
ORTDER @ BIVs oF
FCOEF, SIN IN LOwW
ORDER B BITS

| RETORN

A P T, e b

T it e A+ IR

rigure & : sueRowTINE DFTCI Page 2 of 2

A-35




SUBROUTINE DFT D (N)

(TURN OFF |
AL T/0
CHPANNELS

!

TUKN ON
OFY
INTERFACE

1
CLEMR OOVBLE
PREC.SION
WORKING AREA|

4

' SYNCHRONIZE]

INPUT
R 1 WAIT Fok

-—===4 ST
OUTF:)T . INTLRRUPT

ALIKESS OoF

WWLFNIULNT
{LOCCF)

e
Iy
%

Pigure 7 :Suvgrouvmine UF L Page | of 4

A-36




(1)
\2AZ/
WAIT FOR
| NUXT
{ INTERRUFT

oUTPUT
CELL
LOGT + KOUNT]

SET STAKRT
NU-LLS VIR

B FFER B2
STAD= 236

SET STRKT
ADDHLO L FOR
BUFFLR B¢

Figure 7 : SubRouTiNg UFTD Page_2 of 4

Ut A g a5 et 5

A-37




RS ST R

[Sume) = stmt)
" + ’
ca(s™o)

b

SUMR)=SuM(y
o+,
(s 41)

R

—
SNU) Sum(y

Lm(stm 0&)

L

f
{smm smjl

LLI.\.(S?N) )

T
3

sun(m) s\m(u‘
an (srw . uef

¢

SUM[I2B)= M 28
+
eu(one «27)’

2

@

128 FIAED POINT
ADDITIONS

Figurs

~

t SUBROUNTINE DFTD

A-38

Page_) of 4




e et " e .
) t O il il b i bt NPT TR R TN R PO . ey
. f Ei Gt o “ i iy e Aalie el S o Lol S " - . e
.. ’ : T R 0 e et e s 4 e b i e a7 e B S Lt s e il -«
‘ i L i SRR A i 3
- RERESEE iz it e SN Qe v L o and it e L A e A Lot St e b e L™ bty AN AR . rme e , :
) SR o o IR sl S ol N PRI, Z — . e . .

we

FLonT UM
Ihide

FMAT(Y, .
(Lomiz) = N& 2768,

N

(.LOCA3ISY)

*

( D}ETURD

Pigure 7 : cumrouuine UFTD

A-39

Page_4 of ¢




cCAL (IGP, NF, 1FREQ, T1)

3
e it

(T6P~2)¥NF
+ IFREQ

SANEZANCEION s ik s,

. T T O A SO -
P v G s ’ ’ o R P T . e i s e i g e e st s
e : " Ty i e ) ek it ¥ . o i Y g e B e T gl ey i
. B b B2 e i Seaa e 4 iienihs LT i i, - .
.7 > e . % R :
e . . d
. ' )
ik 4 y " 20 T N . .
Sl e gty SO i vt o . : -~ ) . '
.

T =
DZR +(NPLT -|)

¥+ 0X

r‘—-'l"v‘l—‘l) -
pZY +(NAT-1)
¥ DY

et

IS NO
A\
?

NP 24 j
h hIEN(T)=
YE—" Dls‘ . r:
1 Y0 10d¢
% ;

Yigure 8 : - usaoyTst SCAL

Page_| of 4

A-40




LooOP.

K= |,NSh

Ixei =

{STRER(K}- STEER( )] —‘l* TWD+TYD
(STEER(NSW) - STEER (1)) |

-

4

NMPDB = 8,6B589
¥ L0ag(NTB(LFRERN)

T
1

IvPT(K) =
-‘N‘q

TH] /52 + TVD

2
2/

Tgure

T SUBRDVUING SCAL

A-41

Page 2. of 4

A A f At S e SR PRt 8



TNTERPOLAT I 00

TYrTimy)
1
QEBF(M) 2
Tyev ()

t

TXRNG= i i
i
wm)-uwant)}

t

(M1=Mel |

Mr=
IReT(I)
R

7 o
( k=M1, M2 5
\\.
4
_ GRAE(K) = -
(k- IXeT(1Ml))
I XRNG
4= TYPT(IMY)

ES

Pigure 6 : SUBR,UTINL SCAL Pags_ 3 of 4

I4 A

-

-
|

‘M-I‘.'RN(a}

A-42




3

Ii-=
xPT(Y)

2

Ie=
Ti+Iw0o-}

HIODEN LINE REMOVAL

B

HIDEN(I) 3
W
N )

HIDEN (I)
=GRAF(T)

QR'\F(I):]
WIDEN (T)

)

2

b

GRAF (1)
= TY0

RETLRN

Figure 8 : SUupKOUTINE SCAL

A-43

Page 1 of 4

-t R WL K LIS B Y n. s AL 0t e

]



SUBRCUTINEG  AXIS

( START

SET COV'NTLRS)

AND SCALE
VALVES

4

DELTA =
‘?—“—M.l_u- 1L )‘;

[

KYi¢

- . - .y -

DBYNJC -

TwelN X TR
MARCS =
IWD/XTIC

DI&TKJ(.C bt

TWELN Y &
MARKS =
INL/YTIC

Tiguze 9 : SUBROUTINE AKS

A-44

Page_| of 3




]
T
\
BOTR LOOP.
ARE ON.Y
/ PASSLU THROUGM
LhAW ONCE |F THL ORAW
/] X ARIS PLOT FORMAT Y AXIS
‘- --—.1- TIEM LSW=0
e IRt |
DRAW % | DRAW Y
110K ! TICK
MARKS | MARKS
iy :“E";‘;.Nﬂ INCREMENT
. - TO NEXT
| Y ANS
| /ﬁ -
2
2
Pgure § : SUBROUTING ARLS Page_3 of 3

A-45




e eSS R R e g

WwRITE Y
SCALE

WRITE A
SCALE

WRITE A
AOY TITLES

L A
pigure 9 : sugrouminge AXIS Page 3 of 3

A-46

Sl 8Ll




o SUBROUTINE AMPC. ( ARRMY, ISKD) |

ARRAY (K) =
PRRAY (K) %
NAPL (18D, T)

b-._——_I»..., -

ARN(KI) =
ARRAY (K1)
MR (38D, 1)

A

Figure |0 : SUBROUTINE AMAPC Page | of |

A-47




»
IS

e * o
K ) 8
3 .
5

B

X

SUBROUTINE  FIX
(PRQUT FREQ), NOh, REM,C, TV )

—
( START )

A=

l.sm"“ (TYP) % FRA(TF-LQ) / C

hooe .

C =SPEED OF SOUND

. LTi,Nsh
\

ANG>
P1f2 ~ STERR(T)

EnCT=
A COS (ANG)
TERCT =
TRNOT LD FACT

3

REMM = (FACT =TF Ac'r) *
32000,

t

REM(I)=
FIX (RUMM

Tigure |\

reupPaunNTINg FIX

A-48




P .. S

(Vo'
11,124
{ <D= |

() ¥ 5200)
L—

FWNISSW L
~ Lw;‘l.

]

L J
Figure (! : suBrouTNE FIR Page_3i of 2
A-49

vl



., SUBROUTINE F\XPT
(N9, € REM, TYP)

Lonwvi

K=1,Nsh / P A
R

S ThPH
(Rem(x1))

g WALz |
i ¥ POINTLRS TD
3 FRRA, LCCJ

. CLUNY, ] Wbl =il M

. ODSIM
l EVSUM

L

4
ekt okt LAY 0 ST M. ¢ ¢

A-50

Pigure 12 : SupkOLTINE FIXPT Page | of &




ODSUM = ODSUN +
(L)% PHALL) —
cce (B) % PHA LY

!

EVSUM = EVEUM -
e (W) x PHA) +
cee(L) ¥ PHA(L\)

Fithm L Ny

WV
?

j Y5

éj

Pigure |2 : L BROULNTING FIXPY

A-5}

Page 2 of 4

PETY




T AT s e Vst e s P R
A e v ety cyeaza s e e e e e emel e s et L Ty S S O R s tr e b A L N

N3 B
KRR - ;
3 31-
3
TBL(]) = ' ‘
OU< IM

!

et T i A

res(J) =
EVSUI,

Pigure W& : SUBROUTINE FINPT Page_J of 4

R-52




o

A i P R,

-

xS

,

et e

TRS(I) = i‘Bs(J) b4
TBS(I) +TBS(J1) %

TBS(IN

(F:ETURN

\ .

Figure |2

: SUBROUTINE FIXFT

A-53




S ERETE T rg oo - .
’ TR RS A A, S A R A TV R IS S0 BT 7O S P T O T

SUBROVT INE STRPHP (ANG)

. {LOS(IMH ANG)

. 1 | PHAGKI) =
SIN(TMLNAN &)
{

R N

~ L(_\ly [y
?

Yo

(" RETURN
kRE.T VRN )

- .

Pigure 13 : SUBKOLTINE STRPH Page | of |

A-54

i
§
¥




DEPARTMENT OF THE NAVY
OFFICE OF NAVAL RESEARCH
875 NORTH RANDOLPH STREET

SUITE 1425 ‘
ARLINGTON VA 22203-1995

IN REPLY REFER TO:

5510/1
Ser 3210A/011/06
31 Jan 06

MEMORANDUM FOR DISTRIBUTION LIST

Subj: DECLASSIFICATION OF LONG RANGE ACOUSTIC PROPAGATION PROJECT
(LRAPP) DOCUMENTS

Ref: (a) SECNAVINST 5510.36
Encl: (1) List of DECLASSIFIED LRAPP Documents

1. In accordance with reference (a), a declassification review has been conducted on a
number of classified LRAPP documents.

2. The LRAPP documents listed in enclosure (1) have been downgraded to
UNCLASSIFIED and have been approved for public release. These documents should
be remarked as follows:

Classification changed to UNCLASSIFIED by authority of the Chief of Naval
Operations (N772) letter N772A/6U875630, 20 January 2006.

DISTRIBUTION STATEMENT A: Approved for Public Release; Distribution is
unlimited.

3. Questions may be directed to the undersigned on (703) 696-4619, DSN 426-4619.

A F A
BRIAN LINK
By direction




Subj: DECLASSIFICATION OF LONG RANGE ACOUSTIC PROPAGATION PROJECT
(LRAPP) DOCUMENTS

DISTRIBUTION LIST:
NAVOCEANO (Code N121LC - Jaime Ratliff)
NRL Washington (Code 5596.3 — Mary Templeman)
PEO LMW Det San Diego (PMS 181)
DTIC-OCQ (Larry Downing)
ARL, U of Texas
Blue Sea Corporation (Dr.Roy Gaul)
ONR 32B (CAPT Paul Stewart)
ONR 3210A (Dr. Ellen Livingston)
APL, U of Washington
APL, Johns Hopkins University
ARL, Penn State University
MPL of Scripps Institution of Oceanography
WHOI
NAVSEA
NAVAIR
NUWC
SAIC
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