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Section 1
INTRODUCTION

(C) The TAP II beamforming system is designed to process and display
azimuth, frequency, and signal strength information from real-time
data received by the Lambda towed array. The use of state-of-the-art

hardware allows simultaneous spectral band coverage in all directioms
to the extent permitted by the towed array characteristics and the
operator-gselected control parameters. The three 64-element line ar-
rays in the Lambda towed array system, having half-wave frequencies of

20, 60 and 320 Hz, allow excellent frequency and directional resolu-

tion within the design bandwidth.

plexer with provision for high-density digital recording, a Hewlett
Packard 21HMX computer with peripherals, and a Floating Point Systems
AP-120B Array Processor. The system is controlled by an interactive
CRT keyboard display terminal and outputs to a hard copy unit attached
to the display, to an IBM compatible magnetic tape transport, and to a

line printer.

(Y) Spectral analysis and beamforming are accomplished using digital

signal processing techniques that take advantage of the high-speed
Fast Fourier Transform and vector manipulation capabilities of the

AP-120B Array Processor.

e
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_ Section 2
GENERAL SYSTEM HARDWARE DESCRIPTION

(U) With the exception of the FPS AP-120B and minor modifications to
the digital multiplexer control, all hardware used in the TAP II sys-
tem is GFE that has been used on prior shipboard systems in conjunc-
tion with the Lambda array. Emphasis is given in this manual to the
new equipment and processing techniques. A block diagram of the TAP

1I system is given in Figure 2-l.
2.1 ANALOG PROCESSING

(U) The analog signal. path through the anti-aliasing filters and the
switching network are part of the existing ship installation. Sau-
pling and digitization is accomplished with the front end of the TAP I
system, which utilizes an Analogic AN 5800 multiplexed A/D system.
Quantizing accuracy is 12 bits, with all sources of error in the proc-
essing and quantizing operations less than +1 least significant bit.

This includes .effects of multiplexer and sample-and-hold settling, and
all A/D quantization errors. Gain accuracy through the multiplexer,

sample and hold, and A/D is within 0.l percent full scale. Channel-
to-channel phase and gain tracking errors are automatically corrected

during analysis,
2.2 DIGITAL MULTIPLEXING

(C) The digital multiplexing equipment combine % 64 analog signal

inputs, a status code input, and the output of & time code generator

into a single, serial digital bit stream with an associated serial
digital clock. The 64-channel multiplexed 12-bit A/D system serially

digitizes the 64 analog channels into sequential 12-bit codes. A

Systron-Donner time-code generator generates a 23~bit BCD time code.

CONFIDENTIAL
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These various parallel bit inputs are formatted into a serial digital

data stream in the Digital Controller chassis. A 12th parity bit is

added to every 12-bit word before serialization.

(C) The analog signal sample rate control is accomplished either with

the Fixed Ssmple Rate Control Panel, or with the Hewlett Packard Model

3320 Frequency Synthesizer. Either clock source may be cabled to the

clock input of the Digital Controller Assembly. The Fixed Sample Rate

Control Panel provides three switch selectable sample rates (53, 136,

and 848 Hz) which are appropriate for normal use with the LF, MF, and

HF hydrophone arrays respectively. The use of the Frequency Synthe-

sizer allows a choice of arbitrary sample rates.

fC) The elements of this subsystem are taken from the TAP I hardware

and modified for the present application. Modifications include those

necessary to ianterface with the nevw computer equipment as well as

those vequired to handle a variable sample rate. The recording sample

rate is fixed at 848 Hz per channel.

2.3 HIGH-DENSITY DIGITAL RECORDING

(U) The digital recording subsystem records the entire multiplexed

..8 s.r2am. Provision is made for two redundant recorders to

incresse cvystem vellability. The actusl recording is done with a

geneval-purpose, high-denszity recording system in which the playbhask

heads 1a the vecorder are located after the record heads so that the

recorded signal can be immedistely monitored to emsure recorded dats

quality.

(U) Psrity and sync errors in the replayed data are monitored by the

recording syac circuits in the DPigital Contvoller. Oaly ome recorder

2t a time can be monitored. This recorder is selected by a front

panei switch on the Digitsl Controiler. A Nixie tube display preseats

CONFIRERTIAL
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the detected replayed time code. An error alarm, consisting of a lamp

and an aural tone alarm, triggers when any of three error conditions

occur: (1) loss of sync, (2) more than four parity errors in a 1-
second period, or (3) no data bit transitions in an entire word

period.

(U) The output digital electromics of the Digital Controller formats

the serial data either directly from the multiplexer control elec-

tronics or from the selected tape playback channel. The analysis sync

circuits decode the serial data and reformat it in parallel word form

for computer input.
2.4 COMPUTER ANALYSIS

(U) The computer analysis components of the system consist of the
following items:

Hewlett Packard 21MX Computer with 32K wemory

Paper Tape Reader and Punch

HP-7970 Magnetic Tape Drive

HP-7900A 2.5 Megaword Disk Storage Unit

Tektronix 401G Keyboard CRT Terminal and Hard Copy Unit

HP-2607A Line Printer

Floating Point Systems AP-120B Array Processor

(U) The primary functions of the system are beamforming and spectral

analyses. The various computation techniques utilized by TAP II

result in an extremely versatile capability, A sgelection between

three diffevent time dowain windows allows the operator to make on-

line tradeoffs between spectral line bandwidths and roll-off charac-

teristics. Three different stored element shading coefficient tables

allow the effects of different array tapers to be investigated and

UNCLASSIFIED
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also allow any combination of array elements to be zeroed out, effec-
tively forming arrays with a reduced number of elements. Automati-
cally generated calibration tables are used during the analysis to
eliminate channel amplitude and phase tracking errors. Both simple
and exponential data averaging are provided. Two averaging tables are
simultaneously provided, with one table used to maintain long-term
averaging while the other table provides averages over shorter periods
go that “ransient effects can be examined. All complex coefficients
generated during the analysis are written to IBM-compatible mag tape,

so that shore-based data analysis can easily be performed.

(U) For automatic calibration, & common signal is injected simultane-

ously into all array channels and Fourier techniques are used to com~

pute normlized chaunnel-to-channel gain and phase response variances.

(U) Most of the critical analysis software is written in FORTRAN,

including all communication with the AP-120B and the Tektrounix 4012

display terminal. This feature enhances the capability of the system
to be expanded or modified in the future. Computation speed is unot

compromised since all critical computations are performed in the

AP-120B, a state~of-the-art array processor.

(U) Detsils of the system software are found in the Software Final
Report which also contains system operating iustructions. Separaste
operacion and maintenance manuals are available for the HDDR elec-
tronics and the recorders, the Analogic A/D system, the time-code
genervator, HP-2iNX computer, the Tektronix display terminal and hard
copy unit, the puper tape readzr, the Lsmbda power supplies, and
various smaller modules. Appendix A presents a list of the applicable

Bunker Rsmo and Floating Point Systems hardware documen+s provided in

the documentaiion package.
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Section 3
J DETAILED HARDWARE DESCRIPTION

(V) The TAP Il computer analysis equipment, with the exception of the

&j HDDR magnetic tape units and the hard copy unit, occupies four equip-
ment racks. Figure 3-1 shows a cable diagram for this equipment. The

[P

HP-21MX computer I/0 assignments are preseanted below:

§ 2IMX 1/0 Slot Peripheral Equipment
i il Digital Controller (12566 Iaterface Card)
12 Dise Interface No. 1
: 13 Disc Interface No. 2
14 Magnetic Tape No. 1
i 15 Magnetic Tape No. 2
16 Keyboard CRT Terminal
1+ /0 Extender Cable

1/0 Extender Slot

' Live Printerv
| 1 Jumper Card
: 2 Paper Tape Reader

Paper Tape Punch
Telatype

Blank (blank space required)

[ .

AP-1208 Arvray Procasser

3.1 DYIGIYAL CONTROLLER INTERFACE

PSR

(U} The iuterfsce card fovr the Digital Controller is Hewlett Packstd
Part No. 12566~60024. Thie interfsce card provides a meane for bi-
directional dats transfer between the computer sand the Digitsl Coo-
troller. The iaterfsce cerd jumpers &re positioned as shovn oa page
3-3.

[IDERN
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Position

A

Connected

A

3.2 DIGITAL CONTROLLER

a computer in a special-purpose system.

3.2.1 Applicable Documents

Controller
4200703 IC Board - Mnltiplexer/REC Sync
4200704 Wire List - Multiplexer/REC Sync
4200705 1C Board - Analyeis Sync
4200706 W.re List - Analysis Sync
4200708 Wire List - Ribbon I/0 Cables

Function
Ground true Device Command

Clear Device Command FF on
negative edge of Device Flag

Strobe input data on positive
going edge of Device Flag

Output data continuously
available

Latch all input data bits

CLC, CRS; and Device Flag
clears Device Command

{U) This section describes the Digital Controller which interfaces

with an analog data acquisition system, a magnetic tape recorder, and

(U) 4200701 Digital Controller Assembly
4200702 Functional Description and Logic Disgrams of Digital

4200716 Wive List - Front/Resr Panels

UNCLASSIFIED
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3.2.2 Description

(C) The Digital Controller contains three separate sections which

allow the system to gather and process analog data. A system block

) diagram is shown in Figure 3-2. The Multiplexer Section interfaces
: with an A/D converter and sequentially initiates digitizing of 64 data
nj channels. This information along with time code and status informa-

tion is formatted into a serial digital data stream which may be sent

s directly to the Magnetic Tape Recorder and the Analysis Sync Circuit.

The Recording Sync Circuit is used to detect errors in the serial data

%} originating either from the tape recorders, or with the use of coax
1
8

jumpers, from the multiplexer circuit, It also retrieves from the

data stream time code and status switch informatious which it sends to

the displays. The analysis Sync Circuit receives the serial data

either in real tim~ or during tape play-back and converts it into

S

parallel data for -i.e ~omputer.

X 3.2.3 Sexial Data Format

(C) A word in th~ serial data stream is a group of 13 bits where the
first bit is the LSB, the 12th bit is the MSB, and the 13ta bit is the

J parity bit. A group of 66 words starting with a sync word constitute

e

e ey

a division called & minor frame. Sync words are of two configura-

tions: minor sync words and major sync words. A major frame is de-

PR
(SRS

fined as three minor frames, the first of which starts with a major
. gync word. The first frame of a major frame contains a major sync
: i word followed by tiwe code word 1 which in turn is followed by 64
analog data words from channels O through 63. The second frame of a

f major frame countains a minor syuc word, time code word 2, and data

words from anslog channels 0 through 63. The thicd frame of a major

frame contains a minor sync word, the status panel word and the 64

PO

analog input words. The useful information in a major frame period

is, therefore, time code word 1, time code word 2, the status panel

]
I CONFIDENTIAL




7 Axs Y4 L A 'z Y g 2 ¢ v g o N gt 4 Ay =
€% P oy N T B 2 R 3‘\§\§§m‘%a’*y§%?w}?ﬁﬁ%'bﬁ$

S5k

"Mtgnﬁ,_, P

UNCLASSIFIED S

J
.
i _
L] ANALOGIC TIME CODE STATUS SW
AJD SYSTEM GENERATOR PANEL
§ B
s
' : M1 2 W3
i e e e
o | l
. | MULTIPLEXER CIRCUIT i
i | |
- BNC ouT
TO TAPE : . {
5 RECORDERS | DIGITAL II ,
| | SERiAL DATA CONTROLLER SERIAL DATA |
& CLK &CLK
BNC'S no. 1] TEST
FROM TAPE

. RECORDER NO_2|

| ALARM I

|

~ I

i l
|

, SYNC g
; ELROR ] RECORDING ANALYSIS
SYNC SYNC
PARITY
ERROR CIRCUIT CIRCUIT
‘.:“ L— ——— —rt tetrn | et vatman  emommn  m— m— p—— “-4 —— ——|
i3 R? Rt ptip2iD3
] . D3 - DIRECT DATA
[
‘ TIME CODE STATUS
DISPLAY DISPLAY COMPUTER

P

“

Figure 3-2. Digital Controller
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word, anl 64 channels of analog data sampled three times. Each major

frame is followed by another major frame. Figure 3-3 shows the over-

all data format, and Figure 3-4 shows the word formats.

(C) The external sample rate clock is buffered and divided to form

tae basic clock. This basic clock is further divided by 13 to produce

word pulses, which are divided by 66 to produce minor frame pulses.

Every third minor frame pulse is also a major frame pulse.

5.2.4 Lync Words

(C) Bit times are defined by a syumetrical clock line which accompa-
nies the serial data line. Word times consist of 13 clocks and words
are defined by cheir position relative to the sync words. Sync word

formats are shown below.

3.2.> Major Sync Word

(C) Major sync word formats ave:

Py Lsb
0 010 010 onl 110
P MSB LSB
T TIO 010 001 T

3.2.6 Coastruction

(U) The Digital Controller is constructed on two stanaard universal

wire wrep boards mountad horizomtally in 1 3.5-inch-high chassis. The

front board (board A} coniains the an1lysis Sync Circuit, and the rear
board (bourd B) coutains tte Multiplexer and Recording Sync circuit.

The draviogs referenced in paragraph 3.2.1, Applicable Documents, skow
useful construction and wiring details not shown on the logic

diagrams.
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MAJOR SYNC N N\

- TIME CODE NO. &

CHANNEL NO.1 MINOR

[l

CHANNEL NO. 2 FRAME

t’_x: (66 WORDS)
—

P e

CHANNEL NO. 64

”
MAJOR
MINOR SYNC > ERAME

TIME CODE NO.2 | -}- WORD (3 MINOR FRAMES)

{13 8ITS)
CHANNEL NO. 1

CHANNEL NO. 2

Il

———

CHANNEL NO. 64

MINOR SYNC

STATUS

CHANNEL NO. 1

Il

CHANNEL NO. 2
e,
Jro———

CHANNEL NO. 64 J

MAJOR SYNC |
TIME CODE NO. 1 FORMAT

CHANNEL NO.1 REPEATS

EACHWORD = 13 BITS (12 DATA BITS + PARITY)

EACH MINOR FRAME = 1 SYNC WORD
| +1 SUBMULTIPLEXED WORD
+64 CHANNEL SAMPLES

EACH MAJOR FRAME = 3 MINOR FRAMES
15T FRAME, SUBMULTIPLEXED WORD = TIME CODE NO. 1

2ND ERAME, SUBMULTIPLEXED WORD = TIME CODE NO. 2
3RD FRAME, SUBMULTIPLEXED WORD = STATUS

Figure 3-3, Tap II Serial Data Format
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MSB LSB PARITY

L

SIGN 81T 11 10 9 8 7 6 5 4 3 2 1
{MSB) {LSB)

CHANNEL SAMPLE (TWO'S COMPLEMENT, BINARY)

, ms8 LS8 PARITY
!
Lj 0 1 0 i} 1 0 ) 0 1 1 1 0 0
iJ MAJOR FRAME SYNC WORD
l MSB LSB PARITY
% } 0 1 0 0 1 0 0 0 1 1 1 1 1
MINOR FRAME SYNC WORD
]
: J Ms8 LS8 PARITY
L
|
. LB 4 2 1,8 4 ) 1, 8 4 2 v,
o Y Y Y
ST HR DIGIT 2NC HR DIGIT 15T MIN. DIGIT

TIME CODE WORD NO. 2 (BCO)
i
{ MSB LSB PARITY
r
{J L 4 2 a8 4 2 1 8 4 2 1,

v Y Vo
2ND MIN. DIGIT 18T SEC. DIGIT 2ND SEC. O1GIT

i TIME CODE WORD NO. 1 {BCD)
{" MSH LSR PARITY
1

12 11 10 8 8 7 & 6 4 3 2 1
} STATUS WORD (BINARY)

,....,

(BITS IN WORD APPEAR SERIALLY, LS8 FIRSY
IN TIME. 17 = +5 VOL TS, 0" = GROUND.
NRZ 81T CODING USED.)

” Figure 3-4. Tap II Data Word Format
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3.2.7 Logic DrawiggvponVentions

(U) Some conventions are used im the logic diagrams (Drawing No.
4200702) which are explained in this section. For the most part,
standard legic symbols are used. The IC package part aumber is in-
dicated above the logic symbol and, if it is from the 54/74 series

family, zhe first two digits are omitted. Within the symbol, or in
some cases below it, are the coordinates of pin 1 of the IC package.

For example, 1BD19 means the first logic board of a group of boards

wired together (only single boards are used in this case), B indicates

group B of that board, D means column D of group B, and 19 is row 19,
Outside of the symbol, package pin numbers are given for all used out-
puts. For MSI packages, the pin functions will usually be labeled
within the symbol at least once on every page that package is used.

In general, the first letter of a logic name indicates the major func-

tional group to which the element belongs. Positions 2 through 5 of
the logic name attempt to describe the use of the signal. Logic name

positions 6 and 8 (if any) are a code which defines the package type.
Position 7 usually defines the level (high or low) of the output when

the signal is asserted, with N meaning high and C meaning low for

gate packages. T and P in position 7 refer to the true and false out-

put of flip flops.

(U) Ribbon connectors connected to the logic boards are labeled with
the logic board position of pin 1 of the counnector. As viewed from

the component side, the 1/0 pins at the top of each group on the logic

board are numbered (right to left) from 1 to 23 on the top row and

from 24 to 46 on the bottom row. Ribbon cable plugs connected to the

1/0 pins of a group will be labeled starting with either "A" or "B"

Nll'

specifying the board location, a specifying the first of a number
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of boards wire wrapped tLogether, a letter specifying the group on that

board, a "P" showing that it plugs into the 1/0 connector area, and a
g 8

number that is the board pin number into which pin 1 of the connector

is plugged.

3.2.8 Multiplexer Circuits

(U) The logic diagrams (Drawing No. 4200702) labeled Ml through M6
describe the multiplexer circuits. Sheet M1 shows the control cir-
cuits which allow the multiplexer to start and stop in an orderly

manner. When the switch is in the stop positior, no commands will be

issued to the analog system and serial data and clock output lines
will be held at the false level. When the switch is in the run posi-
tion, the multiplexér timing circuits shown on Sheet M2 run, generat-
ing word pulgses and frame pulses. Sheet M3 shows the data selector
circuits that select the source of data to be transferred to the 12-
bit parallel-to-serial register shown on Sheet M4. An odd parity bit
is sifted into the MSB position of the shift register as the first
data bit is shifted out. Sheets M5 and M6 show the signals satering

and leaving the logic board.

3.2.9 Recording 3ync Circuit

(U) Logic Sheets Rl through R8 (Drawing No. 4200702) describe the Re-

cording Sync Circuit. Sheet Rl contains the receivers for clock and

data and the control circuits. Received clock and data are also sent

to drivers for use elsewhere. Sheet R2 shows the timing circuits for

the Recording Sync Section. The timing circuits are held in the ini-
tislized state until the circuits on page R4 recognize a sync word in
the input shift register shown on page R3. At that time, the timing
circuit counters begin counting received clocks to generate word
pulses, framing pulses, and major frame pulses. At the proper time uf

each frame, the input shift register is examined for the expected sync

. UNCLASSIFIED
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word. Failure to find the sync word causes the timing circuits to
initialize and wait for the appearance of the sync word. Each word is
checked for proper parity on Sheet R5. At word time intervals, the
received data is clocked into a parallel holding register as shown on
Sheet R2, The circuits across the top of page R5 generate pulses at
the proper time to cause time code word strobes and to clock the sta-

tus word into the status word register. Status and time code drivers
are shown on Sheet R6. Sheet R7 shows the drivers which allow the

activity of the Recording Sync Circuit to be monitored at the front
panel. Sheet R8 contains the logic to detect excessive parity errors

or system malfunctions. The number of parity errors allowed each
checking time period is adjustable by changing the jumper at position

B1EE27. Errors detected on Sheet R8 cause an audible alarm.

3.2.10 Analysis Sync Circuit

(U) The Analysis Sync Circuit logic is shown on Sheets Cl through
C10 of Drawing No. 4200702, The control, timing, and input circuits

of this are the sawe as thoge of the Recording Sync Circuit. However,

instead of driving display circuits and monitoring for errors, the

Analysis Sync Circuit sends data to the computer. Pin assignment in
the computer interface cable is given in Table 3-l.
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TABLE 3-1 é
Digital Controller Interface Cable §
Controller Connector D3 HP Interface :
Pin Ro. Pin No. Signal
B-7 1 Input Data Bit 0 g
A-7 24 Input Dats Bit 0 return %
B-6 2 Input Data Bit 1 ; }
A-6 24 Input Data Bit 1 retusu
B-5 3 Input Data Bit 2
A-5 24 Input Data Bit 2 return
B4 4 Input Data Bit 3
A-4 24 Input Data Bit 3 return
B-3 5 Input Data Bit 4
A-3 24 Input Data Bit & returm
B-2 6 Input Bata Bit 5
A-2 24 Input Dsta Bit 5 return
B-1 7 Input Data Bit 6 !
A-] 24 Input Data Bit 6 return
b-7 8 Input Data Bit 7
c-7 24 Input Data Bit 7 return
D~6 9 Input Data Bit 8
C-% 24 Input Data Bit 8 return
D~5 10 Input Data Bit 9
c-5 24 Input Data Bit 9 returm
D~& 11 Input Data Bit 10
C-4 24 Input Dsta Bit 10 return
D-3 12 Input Dats Bit 1l
c-3 24 Input Data Bit 1l return
D2 13 Ioput Dsta Bit i2
-2 2 Input Data Bit 12 return
B-1 14 Input Dats Bit 13
c-1 24 Taput Data Bit 13 return

UNCLASSIFIED




T AL NV AT

»_5“1.‘" s

A R R Y

AP ar S B 2L G O A

-

—

UNCLASSIFIED SRR

TABLE 3-1 (Continued}

Digital Controller Interface Cable

Contrciler Coanector D3 P Interface ]
Piw No. Pin No. Signal
L-7 15 Input Data Bit 14
K-7 24 Input Dats Eit 14 return
L-6 16 Input Data Bit 15
K-6 24 Iaput Data Bit 15 returc
L-5 23 Input Word Strobe
K-5 24 Input Word Strobe return
M-4 A Data Decimation (20)
N-4 BB Data Decimation (20) return
M-5 B Data Decimationm (21)
N-5 BB Data Decimation (21) return
N-6 C Data Decimation (22)
N-6 BB Data Decimation (22) return
M-7 D Data Decimation (23)
N-7 BB Data Decimation (23) return
M=~2 E Computer Data Request
N-2 BB Computer Data Request return
N-1 F Delete Header
-1 BB Delete Header return
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(U) Provision is made in the Analysis Sync logic to accept command
words from the computer to control the input data transfers. The com-

mand bits and their function are listed below:

Command Bits Function
0-3 Data Decimation - a BCD number which speci-

fies the number of data frames te diccard

between frames transwmitted to the computer.
4 Data Request - when true requests data
frame transmission to the computer.
5 Disable Header - when true requests dele-

tion of sync, time, and status words.
1.3 STATUS WORD/TIME CODE DISPLAY PANEL

(U) This ecuipment conaists of & single rack-mounted panel only.
There 1s no equ‘iment drawer, and all compoments sre mounted on the
panel or to a subchaaais attached to the panel. ALl couwnection. to
and from the unit are wmade via connectors on these subchassis. Table

3-2 presents an outline of coancater pin assigaments.
3.3.1 Fuactipn
(U) The panel contains three groups of compouents:
(1) Thirty-six toggle switches divided into three rows of 12.

These are used to enter three 12~bit status words into the

data stream. Replaceable labels benedth the rows of switches

ideatify the aignificauce of each switch. Ounly the first

status switch bank is currently coanected.
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TABLE 3-2
Status Time Code Display Connector Pin Assignments

Power—Round S-pin cannon (MS 3102-A145-5P)

Pi

=

Function
+5V

Ground

NC
NC

m o o (=] o l

+12

Status Light Connector (Subminiature 15-pin Cannon)

Ein Function Notes
1 Left Light Ground to Turn on the Light
2 Ground to Turn on the Light
3 Ground to Turn on the Light
§ Ground to Turﬁ on the Light
) Ground to Turn on the Light
6 Ground to Turn on the light
7 6round to Turn on the Light
S Ground to Turn on the Light
9 Ground to Turn on the Light
10 Ground to Turn or the Light
1 Ground to Turn on the Light
12 Rightmost Light Ground to Turn on the Light
13 Giround

14 Ground
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TABLE 3-2 (Continued)

BUNKER
RAMD

Biue Ribbon Connector — Switch Status Word Inputs

Status Word No. 1

Status Word No. 2

Pin

1
2
3
4
5
6
7
8
9
10

11
12

15
16
17
18
19
20
21
22
23
24
25
26

Function Notes

Bit 1 {MSB) +5 wher. switch is UP
812 (LSB)

81 (MSB)

+5 when switch is UP

612 (LSB)
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1ABLE 3-2 (Continued)

8luc Ribbon Connec.or — Switch Status Word Inputs (Continued)

Pi Function Notes

——

29 B1 (MsB)
30

| 3] +5 when switch is UP
. 32

33

34

35

36

37

38

39

40 B12 (LSB)
41 . Spare

42 Spare

e

Status Word No. 3

i

i Ground
l Pin

13

14

27

20

43

44

SRR
5,3‘(_ S

g

;
e

,
St

S

!
Sy
)
o]
Sy
¥
S
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(2) Twelve status lights ~ these lights are driven from the

digital controller.
(3) A six-digit time of day readout (hours, minutes, seconds).

This unit is also driven from the Digital Controller. Table

3-3 describes this unit.

3.3.2 Ogeration

(U) Nixie Display - The six-digit time-of-day Nixie display is a

self-contained unit of the display chassis. Unbuffered data from the

Digital Controller is continuously presented to the Nixie tube boards.

A strobe pulse sent from the digital controller causes the appropriate
Nixie display to accept, hold, then display the data now present at

its input.

(U) The 200 VDC Nixie anodes are supplied from the Technical Products
supply - mounted on the panel subchassis. All other voltages are sup-

plied from the multiplexer chassis. Each light is also tied to a

common buss through disconmnect diodes which, when grounded, lights all

operable bulbs.

(U) Status Lights (Figure 3~5) - The 12 small 28 V status lights are

driven by NHOOl1CN IC drivers located in the multiplexer chassis. Ome
gide of each light is tied to 12 V from rack power supply (5-pin com~
mon plug) and each is lighted by grounding the other side with the

current drivers.

(U) Status Switches (Figure 3-5) - Three rows each of 12 switches are

used to wmerge status words into the digital data streaw before it is

recorded.
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TABLE 3-3

Time of Day Display

Number of Digits Sin - hours, minutes, seconds
- éj Type Burroughs, Nixie Tube with TTL Drivers
' and Memory :
oy Drive Requirements Four Lines BCD for Each Digit Strobe
i Line Common to All Digits
b Loading Strobe = 24 TTL Loads
;? : Data =2 TTL Loads
- Storage Clocks on Negative Edge
o Power +5, +200 (Tube Display)
L! Connector SR 1235 Pin Assignments as follows:
;E PIN CONNECTIONS C2504-3

Pin Function Pin Function

/] . GND A Z8 in Units

) 2 22 in Units B Z4 in Units
¥ 3 Z1 in Units C Left Dec. Pt. Units
H 4 72 Tens D 18 Tens

! 5 21 Tens E Z4 Tens
- 6 22 Hundreds F Left. Dec. Pt. Tens
1 7 Strobe H Z8 Hundreds
L} 8 vCC J Z4 Hundreds
, 9 +200 V K Left Dec. Pt.. Thousands
QI 10 Z1 Hundreds L Not Used
ai Power Connector Cannon MS 3102A14S-5P
i Additional Power 110V AC required for the Nixie Tube
ij Display

——~
O——

i ay

———
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(U) In the "down" position, a logic "0" is outputted; when the switch

is up, +5 V logic level is supplied through 3K pull-up resistor. The

logic output connector is a 50-pin blue ribbon, and +5 volts are taken
from the rack supply through the 5-pin round cannon connector.

(U) Additionally, two BNC connector switches allow for remote inser-

tion of the first two status bits of the top most status word.
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Section 4

THEORETICAL APPROACH

4.1 FAST FOURIER TRANSFORM (FFT) BEAMFORMER

The beam pattern of a line of equally spaced elements has been often de-
scribed in current 1it:erat:ure.1 However, to show the application of the
Fast Fourier Transform (FFT) to the concept of beamforming, a short re-
view of linear array theory is presented. 1In Figure 4~1, a simple line
array with equal element spacing, £, is shown. Let a plaase sinusoidal
sound wave of unit pressure be incident at an angle 6 to a line of Ne
elements. As can be seen, the time at which any constant phase line of
the wave is incident on the zeroth or reference element is delayed from
the wave being incident on the ith element by the amount of time neces-
sary for the sound wave to travel the distance si = (Ne-l-i) £ sin 6.
This time delay is given by T si/v, where v = the propagation speed

of the sound wave.
The corresponding phase delay for sound at wavelength A will be at fre~
quency w = 2nf,

Si 2n €
¢i = wri = 2%f (77) == (Ne—l—i) £ sin 6

with v = fi, this phase delay is traditionally written as
¢, = 27 (N -1-1) L gin 6
i e A
However, when describing the array performance over wide frequency bands,

it is informative to rewrite the phase in terms of the ratio of the oper-

ating frequency to the highest frequency of interest.

lRobert J. Urick, Principles of Underwater Sound, 2ud Edition, McGraw-
Hill Book Co,, 1975.
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Let fh~= highest frequency

and A, = fL-z wavelength at f

h £y

h

Then

¢i = 271 %L fL-(Ne—l-i) sin 6
h h

For array element spacing of one-half wave length at upper band edge,
then

and

f
= — ] {
¢i ] fh (Ne I-i) sin O

Let this phase delay caused by the spatial conditions be noted as

£

The array can be steered by introducing appropriate phase or time delays
in the outputs of the various elements in order to rotate the main lobe
of the pattern to a desired direction. The amount of delay introduced
by the processing is such that when the sound wave is from the direction
of the desired beam pecak, the sum of spatial delay and processing delay

is a constant for all element responses.

It is seen from Figure 4-1 that the processing delay required to cause
the 1th element to be in phase with the reference element can be
expressed as

T -t i s8in 0
pi \7 0

UNCLASSIFIED
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where 0, is the direction of the beam peak. The processing phase is given
by

' {
¢pi T fh i sin 00

The total phase delay is given by

-q L -
¢Ti ¢Si + ¢Pi =% fh [(Ne i) sin 6 + 1 sin 90]

when 6 = 0
o

) .
= 5 EN-(Ne~1) sin 00

¢
Ti h

which is seen to be independent of i; therefore, all element responses

have identical delay in the direction of the beam peak as desired.

Beamforming implys the summation of all element responses after the proc-
essing phase ghift. The beam voltage response can be written in a

normalized form:

N -1
-3¢
1 pi
VB N vi e
€ {=0
N -1
e
. L -3 1A
N Z Vi ©
€ {=0

h

wheve v, = complex voltage response of the 1t element

i

and A = n;&-ain Ou. representing the phase increment for beamforming.
h

For various beam steering angles, let

{
A@k " f; sin Oo(k)
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guch that
- 2%
A¢k *N k
e
Yielding
N £
8 () =stn t | 22| 05 || & —2
o f 2
N ——
e f
h

With this representation of beam steering in terms of the phase increment,

the kth beam response becomes
Neo! L
1 Ne
VB(k) = ﬁ; E v, e
i=0

which, except for the norwalizing factor (I/Ne)' is seen to be the exact
form of the discrete Fourier transform (DFT).?2 The significance of the
beamforming equation being identical to the DFT is that multiple beams
can be formed simultaneously by applying the FFT technique for computa-
tion of the DFT.

4.2 BEAM STEERING

The complex representatfon of each clement vesponse is obtained by perform-
ing the FFT of the time samples, giving the complex frequency response.
Next, the FFT output for each element at the same spectral line is tramns-

formed via the FFT tou give Ne ?L~— ] unique beam peaks. If Ns time samples
h f
are taken at sawple rate fs' and fh o 7; s then the frequency resolution

is .

A = Ew

2Bernnrd Gold and Charles M. Rater, Dipital Processing of Signal, McGraw-
Hill Book Companv,
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and f can be expressaed as wAf =

where m = the harwonic number of the chosen spectral line
m i

and f-a—8 .2 _ Im
f N f N
h s 8

Causing the beam index k to lie between

m Ne m N
N s ks N
8 s

in terms of harmonic number

or
f Ne { Ne
- - 75—5 k< A in terms of the frequency ratio.

fh h 2
The cause of the frequency dependence on the number cof beams which can
be formed can be seen by the expression for processing phase.

)
¢pi 1w Ih sin Go

= i A¢k
where

2 £,
A¢k © E"’ k = M f 'R eo(k)o
e h

The phase fncrement of an Ne point PFT is 2u/Ne. At the highest frequency
in the band, & set of ﬂo(k) will yield épi' which are multiples of Zﬁ/Ne.
As frequency {s lower, the values of the set of Go(k) mist Increase to
keep the phase increment, AQk, constant fo. =ach value of k., As the phase
{ncremcnt depends on the sin Bo(k), the decrease in frequency can only be
of fset by increasing Oo(k) to 90 degreas. As eo(k) becomes greater than
90 degrees, a main lobe 1s no longer formed, thus the number of beasms is

limited as indicated above. Fipure 4-2 shows the beam steering 58 a
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function of frequency for the 64-element array. Note that k = 16 gives
a value of 00 of 30 degrees at f/fh = 1, but a value of 90 degrees at

f/fh
tave of freguency covered. Table 4~1 presents a summary of the number

= 0,5, indicatiang that one half of the beams are lost for each oc-

of beams which are formed over wide band width for a 64-element array.

TABLE 4~}

Frequency Effects of FFT Beamforming

Frequency Range, Number of Beams,

%: Ne = 64
L 33 - 65

2

b3 17 - 33
;-i g - 17

o
S

4.3 BEMAN WIDVH

The width of each beam can be determined from the expression for the
beam response

N -]

[

. R E - épi
VB N vi e

¢ 1=
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complex voltage response of the 1tb element

fi

where v

-3 oy

=V e
o

n

end ¢p1 = processing phase shift of the it element

n ?i'i sin 00
h

¢si = gpatial phase shift of the ith element

e

» £ (N <i-1) sin ©
fh e

Then,
Ne-l Ne—l
- vy e"j‘¢sx*°pi’ Y R
BN :E: N, :E:
T =0 i=0

where ¢ = phase shift between adjacent clements

= 1 ”L'(sin 0 - sin 8 )
£ b o

It is easily shoun that

N -1 “§ N ¢
2 ¢ ‘_{u‘

gty e -

c'“j ¢ . !

Fruom which the magnitude of the array responge &s given by

fv.] = Y iﬁliéfzél‘
s H@ sin (%)
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The half-f wer beam widths are found hy determining the value of ¢ = ¢3
which causes

v |-

vV | = —

B

or

Expanding the sine terms into first three terms of trigometric serjes and

collecting terms gives

Ne["-‘/l:‘ Nez—"l'_

2

oy \ w0 — 2 ) er-Leo
2

defines the value of ¢, for the half power beam angles.

With N >—-l— ,
e Iy
2
2.791
¢3 # N radiansg
e
4 159.89 degrecs
N
e
with N = 64 |
e
$., = * 2,498 degrecs

3

The spatial position of the half-power response s given by

¢

sin ¢, = gin U - -——
3 0
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The 3 db beam width is given by

-1 |4, ) 19,

AB, = gin gin 8 + - sin gin &6 -
k} ¢] . £ o T L
fy T

The 3 db beam width is shown ia Figure 4-3, as a function of frequency
and Oo. The lower frequency beam width is limited by the beam approach-

ing the end fire case.

4.4 ARRAY RESPONSE

Representative array responses which may be obtained by the FFT process-
ing for Ne = 64 elements and the frequency ratio f/fh = i, 0.5, 0.25, and
0.3 is given in Figures 4-4 through 4-7, respectively. The comparison of
Figures 4-4 through 4~6 shows the reduction of the number of beams and

the increase in beam width as frequency is lowered in octave steps. Com-
parison of Figures 4-6 and 4-7 snows the change in beam pointing angles for
relatively small frequency changes. Linear interpolatien is used for all
frequencies to estimate the array response at the 64 steer angles that are
inherent at the frequency for which the element spacing is one-half wave

length.
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APPENRDIX A -~ APPLICABLE DOCUMENTS
BUNKER RAMO DOCUMENTATION
[}
J 4200701 Digital Controller Assy
4200702 Functional Description & Logic Diagrams of Digital
{J Controller
4200703 IC Board Assembly, Multiplexer/Rec. Sync
'i 4220704 Wire List Multiplexer/Rec. Sync
N 4200705 IC Board Assy Analysis Sync
| 4200706 Wire List Analysis Syac
- 4200707 GPCA - AMS
4200708 Wire List, Ribbon I/0 Cable
4200709 Frout Panel Assembly
- 4200710 Cable Assy Ribbon DI-D3
4200711 Cable Assy Ribbon (MI)
4200712 Cable Assy Ribbon (M2)
| 4200713 Cable Assy Ribbon (M3)
- 4200714 Cable Assy Ribbon (RI)
4200715 Cable Assy Ribbon (R2)
4200716 W/L Front/Rear Panel
4200717 Rear Panel
- 4200718 Cable Assembly DI-D3
4200719 Cable Assembly MI
¢ 4200720 Cable Assembly M2, M3
. 4200721 Cable Assembly RI
] 4200722 Cable Aggembly R2
4200723 Cable Assembly Test (MI to M3)
4200735 ' Cable Assy Ribbon M-M
4200730 Logic Diagraw—Computer Interface, Coefficient
Cutput
' 4200737 Logic Diagram-Computer Interface, Direct Datsa Input
4200378 Computer Interface Multiplexed Dats Input
hl 4200725 Schematic, Frequency Generator
| UNGLASSIFIED
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RAMO

CONDENTIL  weussrls (=

ANALOGIC DOCUMENTATION

5-7102 Schematic, 16 Channel S.E./8 Channel Differential
~ . Multiplexer

7-7162 Assembly, 16 Channel S.E./8 Channel Differential
iﬂ Multiplexer
B FLOATING POINT SYSTEMS, DOCUMENTATION
{4 FPS-7309. AP-120B Internal Interface Manual -
' FPS-7322 AP-1208 HP2100 Interface
z: AP-120B Parts List

HP-2100 Interconnect

] 7288-02 AP~120B Math Library
- 7259-02 Processor Handbook
3 FPS-7292 Software Development Package Manuals
| FP$~7284-01 AP-120B Diagnostic Software Manual

AP-120B Cosine Table
AP-120B Sin X/X Table
AP-120B V-2 Table
GPs~7291 AP-120B Installation Instructions Manual
AP-120B Schematic & Topology, Power Supplies
512-3256-000/13 AP-120B HP2100 I/0 Adapter BD. 256
512-3256~021/23 AP-120B HP2100 1/0 Adapter BD. 256
512-3456-000/33 AP-1208 HP2100 I/0 Adapter B). 256
AP-120B 28 Card Chassis, HP 21HX, Alphabetical Wire
Lot #36

Unpacking Instructions
Oiling the Mark & Muffin Pan
AP-120B Schematic Check List

Documentataion Listing




DEPARTMENT OF THE NAVY

OFFICE OF NAVAL RESEARCH
875 NORTH RANDOLPH STREET
SUITE 1425 '
ARLINGTON VA 22203-1995

IN REPLY REFER TO:

551071
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.

R 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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