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TRACOR, INC. 1701 Guoolupe St Austin I, Texos

SECOND PRELIMINARY REPORT ON THE AN/SQS-26 THREE-SHIP

MUTUAL INTERFERENCE TESTS (U)

1. INTRODUCTION

This is the second in a series of three reports to describe

the results obtained from an analysis of data recorded during the

AN/SQS-26, three-ship, mutual interference sea tests, conducted

during the period 19-25 July 1965 by the Key West Test and

Evaluation Detachment. The first preliminary report, TRACOR

Document Number 65-32 C, was issued in September, 1965 and

provides a descr' on of the sea tests, methods of analysis,

influenc entification, and interferences observed to that time.

It was noted in the first preliminary report that two

unexpected interferences were observed, namely, interference

Ly off frequency ODT pulses and correlations against off frequency

FM pulses. No new or unexpected influences or interferences have

been noted during the subsequent analysis.

The actual sea test log, recorded by the Key West Test and

Evaluation Detachment during the test, has been corrected for

errors identified during the analysis of recorded sea test data.

Noted discrepancies between the log and actual results included

frequency, transmit schedule, mode, beam orientation, and

depression angle errors. Approximately 10% of the total number

of events were found to have some type of error. The corrected

log is included in Appendix A to this report.

Sonar Performance (i.e., Were the sonar systems operating

properly during the tests?) has been partially evaluated for the

three ships. Several malfunctions have been noted, including

both the transmit and receive sub-systems. These malfunctions

include sudden changes in transmitting frequency and bandwidth,-" CtA0

i ,%1
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and variable times between pings in the triple ping mode. Beam

misalignment between transmit and receive orientation was noted

at the steeper tilt angles but has not yet been fully evaluated.

Evaluation of expected performance of the AN/SQS-26 CX

and AN/SQS-26 AX(Retrofit) has been partially determined on the

basis of existing specifications for these systems. An exact

prediction is not possible since all filter characteristics for

the AN/SQS-26 and AN/SQS-26 AX (the systems used in the three

ship sea test) have not yet been obtained. Reasonable approxi-

mations have been determined from the data analysis program,

and evaluation of future system performance under similar con-

ditions of influence can be estimated. Preliminary analysis,

noted in the first report, described the various types of

influences observed during analysis of the recorded data. Of

particular importance were the levels of direct, specular and rumble

influences. These values have been determined by two different

methods; the increase in beamformer output level over the normal,

expected level has been determined for both a reverberation cycle

and a passive cycle (listen mode only). These calculations are a

direct measure of the level of influence noted at the beamformer

output and must be evaluated in terms of the uniqueness of the

sonar data channel. An example of how the increasing uniqueness

can reduce the influence as well as eliminate the interference I
has been calculated for a single echo ranging cycle. This cal-

culation tends to demonstrate how the "CX" performance will be

considerably improved over the existing equipment. Similar

results were noted when "XN-2" data from the two ship tests were

analyzed.

An explanation for the two unexpected interferences has

not been completely determined but certain observations can be

made regarding these interferences. An example of the ODT,

off-frequency, interference is included to illustrate this type

2CONFIDENTIAL
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of interference in more detail. It can be demonstrated that

Ahis "pulse" effect is due to filter characteristics. The

off-frequency FM pulse correlations noted are now suspected

as being due to a coded channel malfunction, either in the

clipper-amplifier or the Deltic processor. A further evaluation

of these problems is required before definite conclusions can be

reached.

CONFIDENTIAL
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2. SONAR MALFUNCTIONS

Numerous instances of sonar malfunctions have been noted

during the data analysis program. These malfunctions are not

covered in Section 3 where the discrepancies are associated with

operator and/or schedule errors. Sonar malfunctions were noted

in numerous modes and for different events. These effects are

only reported, and no attempt at explanation is attempted at

this time.

Variation in triple ping transmission intervals is il-

lustrated in Figs. 2-1 and 4.2-17 for Event M-614 and G-146,

respectively. The transmitted replica is recorded on the timing

channel, Channel 5, of the Sanborn record. The interval between

the ist and 2nd ping is different than that between the 2nd and

3rd ping of the series. In some instances, the ODT follow-up

pulse in the BB20ODT mode is completely missing.

Sudden frequency shifts during the triple ping cycle were

noted, primarily on McCLOY, and are illustrated in Fig. 3.1-1,

for Event M-21. This is a rare event but should be noted. As

reported, FM slides with bandwidths of about 200 cps were also

noted.

Possible correlator malfunctions have also been noted,

but not verified as yet. These effects are noted during trans-

mission intervals and during reception of very large off-frequency

signals. This problem is being investigated since so-called

"false correlations" may be due to a processor design deficiency.

Examples are shown in Figs. 4.2-23(B-578) and 4.2-25(G-614).

Causes for this phenomenon are being investigated through Deltic

processor simulation.

Beam mis-alignment, either between transmit and receive

beams, or in actual orientation of the two, is indicated. Mis-

alignment between the transmit and receive beams has been shown

CONFIDENTIAL
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by reverberation modeling to produce a product beam which is not

as expected with the sonar. In addition, the true depression

angle, relative to that desired, changed during the test on a

long time basis.

An example of the long time dependence of beam drift is

shown in Fig. 2-2, a series of reverberation cycles from BELKNAP,

taken over a period of several hours. These cycles indicate

gross changes in the actual beam alignment, even though the mode

is reported to be constant. These apparent changes in the

reverberation cycle are noted primarily in the time at which

the peak in the bottom reverberation occurs. The first curve,

Event B-445, indicates a peak near 11 sec. which corresponds

to the expected time of the peak as predicted from geometrical

considerations (depression angle, water depth, etc.). At a

later time, with the same geometry, the peak in the bottom

reverberation is now found at 8 sec. after transmission (Event

B-506), while still later (Event B-596) the peak occurs about

5 sec. after transmission. Fathometer returns are consistent

with the water depths indicated. This trend holds throughout

the balance of the test. BELKNAP degradation seems to "set in"

after Event B-500, and the magnitude of the misalignment tends

to increase beyond this event; the data before Event 500 do not

show these effects.

Short duration transmit-receive misalignment as observed

aboard GARCIA, is shown in Fig..2-3, a series of three pings in

sequence, and in Fig. 2-4, two pings computed on the same mode

at different times. These changes cannot be totally explained

by changes in bottom and surface scattering and reflection

characteristics. The misalignment of the transmit and receive

beams is not a consistent effect, since the Ist and 3rd ping cycles

of the example in Fig. 2-3 are identical, while the 2nd cycle is

considerably different. The basic shape of the bottom

reverberation curve indicates a change in the so-called

6
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transmit-receive "product pattern," which appears correct in pings

1 and 3 but degraded in the 2nd ping cycle. The same type of

difference in the ping cycle is indicated in Fig. 2-4 where the

assumed correct ping cycle (ping i of Event G-667-A) is compared

to another ping cycle in event G-678. These differences do not

reflect any mutual interference effects since the other ships

in these events were passive for these data. Similar effects

as noted on BELKNAP and GARCIA have not been noted on McCLOY.

ii

10
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3. CORRECTED SEA TEST LOG

Complete analysis of the 208 events which were run in

the mutual interference tests of 19-25 July 1965 has revealed

the following deviations from the logs. In thirteen events, at

least one of the participating ships was transmitting the wrong

frequency, and in three events, at least one ship was in the

wrong mode. In seven events, one or more ships were either

transmitting when they should have been receiving, or vice versa.

Figures 3.1-1 and 3.1-2 are examples of the analysis used

to identify different frequency bands. Figure 3.1-1 displays a

frequency analysis which was taken across three pings of the

McCLOY. In event 21, McCLOY was scheduled to transmit at F3,

but the frequency analysis reveals it transmitted at F2. The

third transmission of McCLOY is of special interest, since the

second ping of McCLOY's three ping transmission is 300 cps higher

than the first and third ping. Figure 3.1-2 illustrates how

frequency analyses from all three ships were studied before

definite conclusions were drawn about the frequency band transmitted

and the frequency band causing mutual influence. In this example,

chart #1 shows BELKNAP and GARCIA influencing McCLOY at a higher

frequency band. Sanborn chart #2 verifies that McCLOY is one

band below BELKNAP's transmitted frequency band. Sanborn chart

#3 again verifies that McCLOY is one band below GARCIA and BELKNAP,

and that GARCIA and BELKNAP are at the same frequency. The only

conclusion left is that BELKNAP was transmitting at F2 rather

than the logged frequency of F3.

Figure 3.1-3 is an example of one of the ships transmitting

in the wrong mode. In event 614, all three ships were scheduled

to transmit 0.5 sec FM, followed by 0.5 sec CW, and 100 ms ODT,

in convergence zone mode. Figure 3.1-3 displays clearly that

McCLOY was still in a triple ping transmission in the bottom bounce

mode. This was verified by a rectified and averaged output of

11FDNI
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Beam 6 of the McCLOY, which was clearly a bottom bounce rever-

beration cycle. The seven events in which the transmission

schedule was not followed correctly were easily discovered

because of the obvious difference between passive and active

mode.

The total number of deviations is twenty-three or 11%

of the events run. These changes are noted in the corrected

mutual interference run summary in Appendix A of this report.

C
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4. INFLUENCES AND INTERFERENCES

4.1 Data Analysis

Basic data reduction and analysis methods were described

in the first preliminary report on the three ship test. To

further aid in evaluating the data in this report, the basic

shipboard recording process is shown in Fig. 4.1-1. These recorded

data have been digitized and processed by computer methods for

further analysis. Basic characteristics of the record-playback

process for each ship are shown in Figs. 4.1-2, 4.1-3 and 4.1-4,

for the McCLOY, BELKNAP, and GARCIA, respectively. With these

values, which include system gain and beamformer sensitivity,
2the sound pressure level, in dynes/cm , can be determined.

Therefore, the following data are calibrated in terms of sound
2 2

pressure level (dynes/cm ) or in dB re 1 dyne/cm , as indicated.

All times are measured after end of transmission.

4.2 Relative Levels of Influence

Representative events have been analyzed to determine the

levels of influence as a function of relative sonar bearing,

frequency separation, mode, and distance separation of the sonars.

Influence can be classified by four types of beam orientation, as

shown in Fig. 4.2-1. Levels are classified as to high, medium,

or low, depending on their relative effects for a particular

orientation.

Direct is meant to include both the direct transmission and

specular reflection. Rumble was defined in the first preliminary

report. Relative levels are determined via power spectrum

techniques.

4.2.1 Type I Geometry

Beam orientation for type I geometry produces the minimum

influence for both direct and rumble. Primary influence signals

are derived from ODT transmissions. The influence due to this

16
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geometry is illustrated in Figs. 4.2-2 and 4.2-3, computed for

Event B-74. All ships are in the BB20ODT mode. The direct

influence from GARCIA is readily identified. Both CW and FM

transmissions are either absent or at a very low level. Rumble

due to GARCIA's transmission is of the same order as own ship

reverberation, as indicated in the power spectrum calculation.

The GARCIA's ODT transmission can be observed in both the clipper

amplifier and the output of the CW processor. This is an example

of off-frequency pulses generating signals in own frequency band

due to filter differentiating effects (GARCIA at F2, BELKNAP at

F3).

Figures 4.2-4 and 4.2-5 are the Sanborn four channel output

and power spectrum calculation, respectively, for Event G-110,

with GARCIA at F2, in the CZ mode. Both direct and rumble

influence due to BELKNAP at F3 are identified, and the ships are

at a range separation of 5 kyds. Power spectrum calculations

indicate the relative levels of rumble and own ship reverberation

are as expected.

An additional example is shown in Figs. 4.2-6 through 4.2-9,

for BELKNAP and GARCIA during Event 542. Ship separation is 20

kyds and both ships are in the CZ mode. BELKNAP is at F3 and GARCIA

is at F2. Signal levels are as indicated and are as would be

expected at this range separation. No unexpected or new influences

or interferences were noted for this geometry.

4.2.2 Type II Geometry

The parallel beam orientation for type II geometry increases

the level of the influence due to both direct and rumble. This

orientation can approach the optimum configuration for maximum

rumble effects, depending on overall geometry. Examples of

rumble and direct influence in this configuration are given in

Figs. 4.2-10 and 4.2-11 for Event B-15, where all ships are in

the BB20ODT mode. BELKNAP is at F2 while McCLOY is at Fl, at a

22

CONFIDENTIAL



CONFIDENTIAL

4.~* -----

.. . . . . ...

.1" I 1I

(o kj Lit. . .. -

taowit ...

--- -- ------ --

- - - - - - - ---

-- -- - .I .

23

CONFIDENTIALAUTNTES



CONFIDENTIAL
( t ,,, Cevi - 7Y

M G

A K

.4I '1'" l' - 2 "

T -- - V ' 2

2 4L / .~ ,j " i j 1 ,

Lo et A t,/A, !

oif ,o wn , "1 't !

S 7 ,648 L 121-281
. I f B-74

FI G.42-3

CONFIDENTIAL T..CO,, i o
A ,llTINI Tit XAM



GA~ca Ho CONFIDENTIAL

c -4.

. . . . .o. e. T 3)r

Fl G,4

2 5A r T RAA M I NA D ~
CO FD N ILASIEA



CONFIDENTIAL

Ki K'IL

T4' -E3 T- F2

Ki

4 1

I 7I -. .

)4 '.L1 <J /J 1 2C... j .. .. ±S... . &

N4OPM~ r. -4 ', 670 L 402-221

FIG 4 2-5
ONDco" ow" .

CONFI~DENTIAL



CONFIDENTIAL

S .c; F I nq_-S1

.& I

4A 141 A-

1427

£UStU TIA

CONFIDENTIAL



r- CONFIDENTIAL

T-l: T-3 T- P2

(00

soif C-. C.

Li

AJJ

Jfl" ,!H 14 09

Da~II

I L ---- IL

~~jkr Z[ ~ ~ 8 vr 3;I1 7 ~07 02 TiAPL 700 FILL. 14.164

jr /1/W \L/k H 0.

iJ~~) 1KNN 0 8 B-542

FIG.4-2-7
28 ThACOR , on . D Wp.

CONF I L... .



7o, 6 CONFIDENTIAL

2 A -j~ .'

~4~i L -A

-- - -- - - - --

FIG. 4+, 2-3

29 T O, DM

CONFIDENTIAL



CONFIDENTIAL

GaP, -a -S42

42o 20

' >//\ Ii

II,/t

-- mV ---.-.---- C t

/ w
/; /

\\~IG 4.2-9~/

, '--__ - -

CA AN T

... .l 200 +Jc00 +400 +SO0 +600 +700 +a !j '

L.(PIK, ."!~t ?UNK _ i .L' .J11, 4G 002 TA[ 696 P;ILE: 126.242
V-WKY),fq" 0e/1J/f. P-- LN Nd. Y¢@ G-542

FIG. 4.2-9

30 Tr ACO , ,sc OWG

CONFIDENTIAL '°U""I'"



CONFIDENTIAL

ir T-

-T

IDA,

t 
-.. + 4

I G,4.2441

(o~t~31
TRCO4K W

AUSIN TEXS
CONFIDENTIAL



CONFIDENTIAL

eK4 T- J -FZ RF
P~hBB20oobr

Low..' FIm ourn Shp FFM N,'.

+20 - +} 3003 +400 -- "00 +'-00 +700 4 J

4'ML?VJ 'A4 L)P -159083G1849 002 1 r4L647 FILP 43-268
F0IK0 PILN ho. J-I Bek~~?Fe0

FIG. 4.2-11
32 TRAC0ON. we. owa.

CONFIDE NTIAL AUTN am



CONFIDENTIAL
T R A C O R . iNC 't $ od o Sf -$fsn 1, Tea.s

range of 5 kyds. FM influence is below system noise level but

the 0.5 sec CW and the ODT signals are received at about the

same level as own bottom reverberation. The higher level, off-

frequency, CW influence is sufficient to cause AGC cutoff of own

signals as noticed at the input to the clipper amplifier. The

ODT pulse differentation effect from McCLOY's transmission is

also noted. The power spectrum calculation was computed in the

region where off-frequency rumble was at a maximum, corresponding

to the region (Fig. 4.2-10) where the AGC was cut off. Here, the

rumble is about 9 dB above own ship CW reverberation and 14 dB

above own ship FM reverberation (Fig. 4.2-11).

Figures 4.2-12 and 4.2-13 are similar examples except

that the sonars are operating in the CZ mode. These data are

for Event B-60, with BELKNAP at F2 and McCLOY at F3. Ship separa-

tion is 5 kyds. Heterodyne images are indicated at the input to

the clipper amplifier. Both direct and specular influences from

McCLOY have been identified. The band overlap effect is also

noted due to McCLOY's FM overlap into BELKNAP's CW band (Fig.4.2-13).

Figure 4.2-14 is similar to an earlier example in that for

this event, Event B-452, BELKNAP is at F2 and is operating in the

BB240ODT Mode, but ship separation is 20 kyds. Influences due to

both McCLOY and GARCIA are present. It should be noted that

levels due to McCLOY are much lower than expected, even when

considering the known 5 dB reduction in source level. Signal

levels received from GARCIA appear at a higher level than expected,

being of the order of those measured at 5 kyds.

Figure 4.2-15 is for Event B-470, with BELKNAP at F3 in the

CZ mode. This illustrates the effects of F2 into F3, due to

GARCIA at F2.

4.2.3 Type III and Type IV Geometry

These two types of geometry are grouped together because

the data tend to illustrate both types of geometry simultaneously.

33CONFIDENTIAL
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Type III geometry causes the largest amount of direct influence

but a minor amount of rumble. In Type IV geometry, the direct

influence is less severe but rumble can be a maximum, depending

on actual geometry.

Figures 4.2-16 through 4.2-18 are Sanborn records and power

spectra for Event G-146, with GARCIA at F2, BELKNAP at F3 and

McCLOY at Fl. The sonar mode is BB20ODT with a ship separation

of 5 kyds. Both type III and type IV geometries are illustrated.

McCLOY's direct is pronounced even though at a distance of 10

kyds, with no rumble associated will, McCLOY. BELKNAP, at a

distance of 5 kyds, has produced large directs but also a very

large level of rumble, as might be expected. The computed power

spectrum indicates the BELKNAP rumble at about 24 dB above own

ship reverberation (Fig. 4.2-18).

Similar effects are shown for McCLOY in Figs. 4.2-19 and

4.2-20, Event M-146. This is all type III geometry, with two

ship separations. The extremely high levels, due to IELKNAP,

produce outputs at the beamformer and clipper-amplifie. input,

even though BELKNAP is at F3.

Figures 4.2-21 and 4.2-22 illustrate Event G-182, with

all ships in the CZ mode, at a range of 5 kyds. There is rumble

due to BELKNAP but none due to McCLOY. Correlations due to

McCLOY's transmission arise because McCLOY is at own frequency.

An echo, due to a reflection from BELKNAP, is noted in both the

CW and FM processor outputs.

Figures 4.2-23 and 4.2-24 are again similar examples, with

ship separation of 20 kyds. This example is for Event B-578,

BB20ODT. Rumble effects due to GARCIA are noted as influencing

the clipper-input channel. Power spectrum calculations indicate

the rumble is 28 dB above own frequency CW reverberation. A

possible false correlation against GARCIA's transmission is indi-

cated but not explained.
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Event G-614 was computed with McCLOY erroneously trans-

mitting in BB20ODT while the other sonars are in the CZ mode.

The ships are separated by 20 kyds. These data are shown in

Figs. 4.2-25 and 4.2-26, with McCLOY at Fl, GARCIA at F2, and

BELKNAP at F3. BELKNAP rumble is readily apparent, as expected,

and McCLOY directs are noted with little or no rumble. Some

unexplained correlations are also present in these data as with

certain other examples.

These techniques are being used to aid in evaluating sonar

performance in an influence field as well as helping to estimate

expected AN/SQS-26 CX and AX(Retrofit) performance in similar

influence fields.

4.3 Filter Characteristics at Output of Beam Former

The power spectrum shown in Fig. 4.2-22 is an approximate

representation of the spectral bandpass of the sonar up to the

output of the beam former. This power spectrum was taken in the

echo region of a ping cycle in Event 182 (CZ mode-Skyd-GARCIA)

during which both own ship's reverberation and influence were at

very low levels. The principal energy component was wideband sea

noise and hence the power spectrum of the beam former output

under these conditions provides an approximate measure of the

bandpass of the system up to the beamformer output. The response

is down approximately 6 dB at the nominal CW frequency of the next

lower band. The response at the nominal CW frequency for the next

higher band is down only 2 dB and the FM frequency at the next

higher band is not affected. This indicates a slightly broader

bandwidth than expected on the basis of in-port measurements of

either SQS-26 or SQS-26 AX sonars but is not unreasonable. Subse-

quent analysis may refine this measurement. The response at the

upper limit of the FM frequency in the lower band is below the

noise level in the recording system which is indicated at approxi-

mately - 26 dB from the maximum value.

Filter characteristics, as specified in the AN/SQS-26 AX
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for the vertical and horizontal beamformer modulator filters,

have not yet been obtained.

4.4 ODT Pulse Differentiation

The phenomenon previously identified as "ODT Interference"

in the first Preliminary Report (TRACOR Document Number 65-320-C,

Section 5.3.1) has subsequently been investigated in greater

detail and it has been determined that differentiation of the

off frequency pulse may be the major effect.

Shown in Fig. 4.4-1(a) is a Sanborn strip chart on which

is displayed a ping cycle from Event B-2. This display was

produced from digitized data in which the output data rate was

reduced to be compatible with the Sanborn recording mechanism.

The digitized analog data were recorded at the output of the

beamformer.

The influences from GARCIA and McCLOY are identified in

the ping cycle. Comparison of the width of the second CW

pulses from GARCIA, and the GARCIA ane McCLOY ODT pulses serves

to confirm the identification as an ODT pulse of 100 ms duration.

Immediately below the full ping cycle display is a further

time and level expanded display, Fig. 4.4-1(c) of the ODT pulse

from McCLOY at Fl, two frequency bands away. The level is

significantly above the reverberation and noise only at the

beginning and end of the pulse, a characteristic of pulse differ-

entiation.

Further evidence that this is a characteristic of the

filtered signal is shown in the reproduction of the oscillographs

shown in Fig. 4.4-1(b). A replica of the sonar transmission

recorded in BELKNAP was reproduced from magnetic tape, amplified,

passed through a low pass filter having an attenuation slope of

96 dB per octave, and again amplified. Both the transmitted

replica and the filtered signal were simultaneously displayed on

an oscilloscope and photographed.
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The higher level spikes at the beginning and end of the

filtered signal are readily seen. These spikes are also present

in the FM and CW transmissions. This observation indicates that

higher frequency energy is present in the transmissions. In

general, only the ODT transmissions are received at a sufficiently

high level for this effect to be observed as interference but it

has been observed for both FM and CW in the clipper amplifier

channels and CW processor. This pulse differentiation effect is

especially noticed when sonar beams are aligned toward each other.

4.5 DB Measurements

Six figures in this section show mutual influence while

the sonar is in passive mode. These examples provide for accurate

estimates of mutual influence without having to separate out own

ship's reverberation. The relative levels of influence are

measured in dB re I abar as a function of real time. The output

of the beamformer (beam 6) was rectified and averaged, and the

output was converted to a dB level. Calibration data are given

in the tables of section 4.1.

Figure 4.5-1 provides a measurement of sea noise (approxi-

mately -43 dB re I pbar) which can be used as a reference in the

following figures to determine how much the influence is above

sea noise. In Fig. 4.5-1 all ships were passive, but the cycling

of GARCIA's transmitter affected the sea noise. Hence our

measure of -43 dB was taken 25 seconds after the transmitter

cycled.

Figure 4.5-2 illustrates influence at the same frequency,

from 10 kyds away. It is interesting to note the difference in

levels between the two consecutive McCLOY direct influences. The

first directs are about 20 dB above sea noise while the second

directs are only 10 dB above sea noise. Figure 4.5-3 displays

extremely high direct and rumble levels caused by a medium

frequency into a lower frequency band. The geometry is the same

as in Fig, 4.5-2; GARCIA is still passive at Fl, McCLOY is still

transmitting at Fl, but now BELKNAP is transmitting at F2. It
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should be noted that the distance to BELKNAP is 5 kyd while the

separation between McCLOY and GARCIA is 10 kyd. The direct

influence from BELKNAP is 38 dB above sea noise and the rumble is

as high as 28 dB above sea noise some 8 seconds after the last

direct influence. It is difficult to distinguish McCLOY's

influence, although McCLOY is at the same frequency.

Figure 4.5-4 is an example of a medium frequency into a

high frequency in bottom bounce mode. The ODT influence is

distinguishable and is 38 dB above the sea noise. In this example,

rumble is as high as 10 dB above sea noise some 14 seconds after

the direct influence.

Figures 4.5-5 and 4.5-6 illustrate influences in the CZ

mode, and again measurements are taken from GARCIA while its

sonar is in passive mode. Figure 4.5-5 pictures BELKNAP's

influence at a higher frequency. It should be remembered that in

the CZ mode there is one transmission of sec FM followed by

sec CW whereas in bottom bounce there are three consecutive pings

of sec FM and sec CW followed by an ODT. BELKNAP's direct

is 28 dB above sea noise while its rumble reaches a level about

12 dB above sea noise. Figure 4.5-6 displays own frequency

influence from a range of 10 kyd. Here the direct is 23 dB above

sea noise and the rumble is as high as 15 dB above sea noise.

Since the primary interest of the sonarman is influence

levels while his ship is transmitting, the next seven figures

display relative levels of influence while own ship is transmitting.

The relative levels of influence are measured in dB re 1 bar as

a function of time. On each figure, Sanborn Chart #1 displays

a rectified and averaged output of the beamformer (beam 6), i.e.,

a plot of pressure vs time. Sanborn Chart #2 illustrates a

frequency analysis of beam 6. Sanborn Chart #3 displays a dB

plot of beam 6 as a function of time. Sanborn Chart #4 is the

result of taking the difference in dB between a three ping

average of an event without any mutual influence and one ping of
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another event with the exact same conditions, but with mutual

influence present. The three ping average mentioned here was

displayed in the first preliminary report, TRACOR Document Number

65-320-C. As mentioned above, all four displays are a function

of time, with time beginning at the end of the transmission cycle.

Figures 4.5-7 to 4.5-9 show mutual influence while own

ship is in CZ mode. Figure 4.5-7 does not show any direct influence

and the level of rumble is low. This can be seen on Sanborn Chart

#4 since the difference in dB oscillates about -5dB. The reason

McCLOY's transmission cycles are shorter than the other ship's

was to insure that mutual influence would occur in different

positions of the reverberation cycle throughout the test.

Figure 4.5-8 illustrates influence from BELKNAP which is

at a higher frequency. The direct influence is 20 dB above own

ship reverberation while the rumble holds on at about 5 dB above

the reverberation level. Figure 4.5-9 displays a high and a

medium into a medium frequency. Both interfering ships are 5 kyd

away. Before these comparisons are made, it should be noted that

McCLOY's source level was consistently 5 to 10 dB below the source

levels of the other ships. The rumble from the higher frequency

averaged about 4 dB above the reverberation level when BELKNAP

was the only ship transmitting as in Event 58. The rumble from

GARCIA, which was on BELKNAP's frequency was about 10 dB.

Figures 4.5-10 and 4.5-11 illustrate mutual influence

in the bottom bounce mode. Figure 4.5-10 pictures a medium into

a high frequency. The directs are about 15 dB above the rever-

beration level while rumble raises the noise level about 8 dB.

In Fig. 4.5-11, the opposite frequency effect is indicated but

with a separation distance between influencing ships of 10 kyds

rather than 5 kyds. GARCIA's direct raises the noise level

5 to 10 dB while the rumble ranges from 1 to 3 dB.

Figures 4.5-12 and 4.5-13 also illustrate mutual influence

in the bottom bounce mode. It is interesting to note the extreme
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difference between the levels of the reverberation peaks. The

only change in conditions is that GARCIA is transmitting (in Event

151) in a direction 180' from the previous transmission. A port

beam transmission appears to be approximtely 6 dB lower in source

level than a starboard beam transmission. Causes of this deviation

in source level with bearing are not known.

0
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5. AN/SQS-26 CX and AN/SQS-26 AX

(RETROFIT) EXPECTED PERFORMANCE.

5.1 Description of AN/SQS-26 AX, CX, and AX(Retrofit)

A partial analysis has been made of the expected character-

istics of the AN/SQS-26 CX and AN/SQS-26 AX(Retrofit) receiving

systems with emphasis on the aspects most pertinent to mutual

interference. These can be compared with the characteristics of

the older AN/SQS-26 AX when comparable specifications for these

units are obtained.

Figure 5.1-1 shows a simplified block diagram of the

beamforming, receiving, and signal processing subsystems for the

SQS-26 AX. Only those units applicable to the signal outputs

for the A scan and PPI displays are shown, with all audio and B

scan circuits omitted in the interest of simplicity.

Figure 5.1-2 shows the comparable breakdown for the SQS-26

CX and SQS-26 AX(Retrofit). Comparison with Fig. 5.1-1 shows

that the only major difference is the use of independent receivers

in the CX to handle the 12 beam coded and CW signals, in lieu of

the single receiver used in the AX to process both signals

simultaneously.

The single receiver has the disadvantage that the AGC

reacts to the combined effects of coded pulse reverberation, CW

reverberation, and noise in the passband. Any of these can dom-

inate the AGC and therefore situations can arise where a particular

signal of interest is not normalized to its own mean but to that

of one of the other components. The dual receiver, when

accompanied with proper filtering, permits independent AGC of the

coded pulse and CW signal, thus minimizing the probability of

this occurring.

A more subtle difference in the SQS-26 AX and SQS-26 CX
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occurs in the effective bandwidths of the receivers and preceding

stages of the two systems. At present, specific design data are

not available for the filters in the AN/SQS-26 AX. However,

rough response measurements made through the beamformer of the

AN/SQS-26 AX and the nominal values quoted in the sonar manual

indicate that the bandwidth in the beamformer is in the range

650-700 cycles. This is further confirmed by the mutual inter-

ferences observed caused by transmissions from sonars operating

on adjacent bands.

For the AN/SQS-26 CX and Retrofit AX, measured response

data on the actual system has not been obtained. In this case,

however, design specifications for the system filters are

available. When coupled with practical constraints on the

realizability of filters, this information is sufficient to permit

reasonably close estimates of the frequency responses of the

finished units. As the estimated responses of the units are

discussed, it will become more clear why this is so.

Figure 5.1-3 shows an estimated response for the filter

in the vertical beamformer of the depressible beam system of the

SQS-26 CX. Its location in the system is shown in Fig. 5.1-2.

Since the response of the transducer, preamps, and phasing

modulators can be expected to be essentially flat across a

bandwidth as narrow as that shown, the filter response also defines

the expected frequency response of the sonar from the water up to

the vertical beamformer output. The specification for filter #1

calls for a 3 dB bandwidth of 355 cycles minimum, and 400 cycles

maximum. The skirts must be at least 20 dB down at 300 cycles

either side of the nominal center frequency (12.015 kc) and at

least 60 dB down below 9.0 kcs and above 15.0 kcs. The allowable

passband ripple is 0.5 dB maximum. To show how this defines the

probable response, some results from modern network and filter

theory must be observed. It is well known that the transfer

function of a network can be represented as a rational polynomial
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in the complex frequency. Network theorists have examined these

expressions and shown that given skirt cut-off slopes and passband

ripple, requirements can be assured provided that the transfer

function of the network has a minimum number of poles and the

elements' Q's exceed a lower bound. Nomograms are available

which give the relationship between these quantities. In practice

it is found the filter shapes actually achieved conform closely
to the predictions. Therefore this represents a good starting

point for the filter designer in estimating how complex the
required design must be. The specification given in Fig. 5.1-3

can be met with a 4-pole filter and it is assumed therefore that

actual design will approximate the 4-pole filter response shown.

In making this assumption it has been tacitly assumed that the

filter will not be overdesigned. This is reasonable since an

overdesign usually will be more complex and more costly to

produce. From this it can be inferred that the bandwidth at the

20 dB points will not be any narrower than necessary and the 3 dB

bandwidth will not be wider than necessary. Some allowance must

be made for variability in production but usually this will not

be large.

Figure 5.1-3, in addition to showing the estimated filter

response, indicates the expected frequency relationship of the

zero-doppler coded pulse and CW pulse reverberation returns to
the filter response. These are shown by the rectangle and line

in the approximate center of the bandwidth. In calculating these,
it is assumed that the heterodyning frequencies inserted into the

vertical beamforming modulators are such as to center the band of

frequencies covering the coded pulse and CW returns along with
their possible doppler shifts into the center of the filter.

This can be calculated from noting the following from the system

specifications: (1) The upper edge of the coded pulse band
(defined as band center for transmission purposes) is 100 cps

below the CW pulse frequency. (2) The coded pulse bandwidth is
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96 cps. (3) Provision must be included for 90 cps (34 kts) of

target up doppler on the CW echo and 15 cps (6 kts) of target

down doppler on the coded pulse echo. Other target dopplers do

not constrain the required bandwidth.

Combining the requirements given, indicates that the

minimum bandwidth with no provision for own ships doppler must

be 301 cps. Since the vertical beamforming filter bandwidth may

be as narrow as 355 cps, only 54 cps may be available to accom-

modate the total range of shifts due to own doppler. It has

been assumed that this will be divided equally between up and

down doppler. This would permit a maximum own doppler component

of ±27 cps (approximately ±10 kts). Operating under these

conditions, the appropriate heterodyning frequencies are those

shown on Fig. 5.1-3.

Figure 5.1-4 shows the estimated response of the filter

following the azimuth beamformer modulators (No. 2 on Fig. 5.1-2).

The minimum 3 dB bandwidth is specified to be 400 cps, with the

skirt requirements indicated. The design for this filter should

be similar to that for filter #1 with about the same complexity

required.

Figure 5.1-5 shows the expected composite effect of

filters #1 and #2. This represents the expected total frequency

response of the system up to the beamformer output.

Following the beamforming, the coded pulse and CW pulse

signals are separated by heterodyning and filtering as shown on

Fig. 5.1-2.

Figure 5.1-6 shows the estimated response of the bandpass

filter for the CW signal. The specifications for this filter

require a very high rate of cut-off on the lower skirt. The

estimated lower skirt response plotted represents a 7-pole

cut-off rate. The specifications for the upper skirt are relatively

lax, however. Presumably this was intentional since the realization
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of lower skirt response may be eased by allowing the filter to

have an asymmetrical response. Under these conditions, the upper

skirt response cannot be predicted accurately. Limits, however,

can be set within which it should lie. These are shown by the

limiting curves indicated. The poorer curve represents a skirt

which will just satisfy the requirements. The better skirt results

if the filter is symmetrical, with identical upper and lower skirts.

In the actual design neither of these extremes is likely to occur

so that true response should be somewhere between these.

Figure 5.1-7 shows the expected system response due to the

combined beamformer and CW bandpass filters. This also represents

the response at the CW receiver output when the reverberation

notch reject filter is not used. Also shown are the expected

frequency positions for various own ship transmissions and those

due to SQS-26 CX or Retrofit AX sonars operating on adjacent

bands. It will be observed that for most of these, the rejection

should exceed 60 dB and these will not be discussed further.

The principal possible interference observed on the CW

channel occurs from a requirement included in the CX specification.

This stipulates that the ODT transmission must be at a frequency

300 cps away from the CW transmission. To conform to this the

ODT transmission would have to be at a frequency below the coded

pulse transmission, resulting in interference with a sonar operating

on the next lower band. These are the origin of the signals

indicated "ODT center - next higher band." It is understood

that the indicated requirement on the ODT transmission will be

removed, however, and that ODT transmissions will be at the same

frequency as the CW pulse. When this change is made, the only

interference observed should be due to own ship ODT or a trans-

mission in the same band. These will be at the frequency indicated

as "Own band CW center."
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After the ODT, the next most significant interferences in

the CW output might result from possible leakage of high level

coded pulse transmissions through the system response skirts.

Since the coded pulse transmissions spread across the skirts of

the filters, an accurate value of the amount of rejection is

difficult to estimate. However, the rejection clearly should be

in excess of 60 dB.

Figure 5.1-8 shows the estimated response of the notch

reject filter in the CW receiver. The composite effect of this

with the system bandwidth can be evaluated by comparing it with
the preceding response. This is easy since the reject notch lies

entirely within the system passband and does not affect the outer

skirts of the system passband.

Figure 5.1-9 shows the estimated response of the bandpass

filter #5 used for separating out the coded pulse signals. From

a frequency response standpoint, this filter should not be

difficult to realize. However, the required phase linearity

may require some widening of the passband. Allowing for this,

it is estimated that the 3 dB bandwidth will be about 160 cps.

Figure 5.1-10 shows the estimated composite system response

at the coded pulse receiver output. This includes the combined

effects of the coded pulse bandpass filter and beamformer filters.

Also shown are the frequency positions of potential interfering

signals. Ignoring the ODT signals, the only important interference

remaining occurs due to possible leakage of own-band CW thru the

upper skirt. If the coded pulse bandpass filter upper skirt is

as estimated, the rejection for this leakage will be only about

20 dB. This may be adequate, however, since the correlator is

insensitive to CW signals.

Figure 5.1-11 shows a plot, on a common frequency scale,

of the system response for both the coded pulse and CW signal

channels. This shows directly the estimated relative system

rejection between the two channels.
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.5.2 Filter Effects

In order to demonstrate the effect of the filters in the

CX system, a computer program which bandpass-filters digitized

sea data was prepared for the CDC 3200 digital computer. The

method of filtering used was to correlate a reference function

with digitized sea data. The reference function used was

f(t) = A sin{2r~fo + (fm-otjt (5.2-1)

where fm and fo are the maximum and minimum filter frequencies,

T is the correlator length and A is a scale factor.

The characteristics of this filtering process were

determined in two ways:

1) Digitized white noise in the frequency range between

50 cps and 350 cps was bandpass filtered between 100 cps and 200

cps.

2) A digitized 200 cps tone was bandpass filtered between

150 cps and 250 cps.

The power spectra of the white noise, before and after

filtering, are shown in Figs. 5.2-1 and 5.2-2, respectively. The

power spectrum of the 200 cps tone, after filtering, is shown in

Fig. 5.2-3.

From Figs. 5.2-2 and 5.2-3, it is seen that this digital

filter does not meet the specifications of the filters in the

CX system, as shown in Figs. 5.1-6 and 5.1-9. That is, the

filter skirts have less slope and dynamic range than called for

in the sonar specifications. However, it may be used to demonstrate

the feasibility of removing the effects of mutual interference,

due to a higher or lower frequency influence seen in the sea data,

by bandpass filtering.
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FIG 5.2-3-POWER SPECTRUM OF 200 CPS TONE
BANDRASS FILTERED 150 CPS TO 250 CPS
CORRELATOR LENGTH =1/2 SECOND
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To demonstrate the effect of this filter on recorded mutual

interference data, a ping cycle was chosen which contained an echo

and mutual interference. The data chosen was the second ping cycle

of event 745A, from the GARCIA.

From the logs, this event was:

Run Type: Track

Participating Units: SENNET, BELKNAP, McCLOY, GARCIA

Formation: SENNET Guide Station 0, BELKNAP 240R,
McCLOY 300R, GARCIA 090 @ 10 kyd.

Sonar Mode: BB0 - Track

Keying Interval Zone Start: 5 kyd

GARCIA was transmitting at F2, BELKNAP was transmitting

at F3 , and McCLOY was in receive mode. GARCIA was closing on

SENNET from 10 kyd.

Two computer runs were made: One to bandpass filter the

on ship FM and the other to bandpass the own ship CW. Fig.

5.2-4 shows the rectify and average, and frequency analysis,

before and after the filtering process. The frequency limits

used were taken from the 3 dB down points of the CX, FM filter:

fo = 320 cps, fm = 480 cps. The scale factor A in Eq. (1) was

A = 30. Figure 5.2-5 shows the same data, filtered with fo =

455 and fm = 600, which were taken from the 3 dB down points of

the CX, CW filter. In this case, A = 70. The correlator

length T. in Eq. (5.2-1), was taken as sec. in both cases.

As illustrated in Fig. 5.2-4, a relatively poor filter, in

combination with existing AX filtering, removes the direct inter-

ference signal from the FM band, similar to the performance

expected in the CX and AX(Retrofit). Again, slight additional

filtering of the data rejects the interference from the CW channel.

In both cases, the echo has not been influenced and remains intact.

The expected processing of the CX and AX(retrofit) filters will

exceed the total filtering demonstrated and should eliminate this

type of interference, except in very severe cases.
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APPENDIX A

AN/SQS-26 TESTS 19-25 JULY 1965

SEARCH PHASE

Participating Units: BELKNAP (DLG 26)
McCLOY (DE 1038)
GARCIA (DE11040)

Event Sonar Ship Sonar Rel. Brg. Xmit Sked Freq Sked
No. Mode Separation

BB29rODT 5 Kyd R R *jR Fl F3 F2

3 T R R
4 R T R
5 R R T
6 T T R
7 T R T
8 R T T

10 R R R Fl F2 Fl
11 T T T I I
12 T R R
13 R T R
15 T T R
20 T T *2 R F3 F2 F3
21 *3T R R
22 R T R
24 T T RI
29 T T T F3 Fl F3
31 R T T
34 T R T
38 Cz T T T Fl F3 F2
40 R T RI
41 R R T
42 T T R *
43 T R T
47 T T T Fl F2 Fl
49 R T R

52 T R T
56 T T T F3 F2 F2

*IGARCIA transmitted during first 1/4th of event

* 2GARCIA did not transmit during first 1/3 of event

*3 McCLOY has one transmit in which 2nd ping higher frequency
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Event Sonar Ship Sonar Rel. Brg. Xmit Sked Freq Sked
No. Mode Separation

74 BB2OD C>T> 04
57 cz 5 Kyd --- 4 T R F3 F2 F3
58 j R T F3 F2 F3
68 T T RF3
65 T T TF3 F1 F3

65 R T R

67 
T R T

74 4 T T T F1 F3 F2
76 7 -**oR T R
77 R R T

78 T T RTI79 T R T
83 T T T F1 F2 Fl
85 R T R F F F
88 T R T F F
92 T T T F3 F2 F3
93 T R R j I I
96 T T R
10 T T T Fl F3 F2
110 R T R113 R R TV
114 T T R Fl F3 F2
119 T T T Fl F2 Fl
128 T T T F3 F2 F3
129 T R R F3 F2 F3
146 BB2ODT T T T Fl F3 F2
146A BB2 ODT 5-10 Kyd T T T Fl F3 F2
148 5 Kyd R T R

149 R R T I150 I T
11 T R T

15T T T Fl F2 F157 R T R I I160 T R T V V
160 T T T F3 F2 F3166 R T R F3 F2 F3

*4McCLOY started in passive, later switched to transmit
*1BELKNAP transmitted at F2 at start of event

. 6 McCLOY started in transmit, later switched to passive95 CONFIDENTIAL
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Event Sonar Ship Sonar Rel. Brg. Xmit Sked Freq Sked
No. Mode Separation

U UU

218 BB200DT 10OKyd 4 T T TF 3F
220 R RT R lF3F
221 R R T
222 T T R
223 T R T
227 T T T Fl F2 Fl

229 R T R j232 T R T

236 T T T F3 F2 F3
238 R T R j lj241 T R T
245 T T T F3 Fl F3
254 T T T Fl Fl F2
256 R T R j F3
259 T R T f
263 T T T fl F2 Fl F6

264 T*R R
268 T R T
272 T T T F3 F2 F3
281 T T T F3 Fl F3
290 BB20DT T T T Fl F3 F2
292 £R T R
294 ----- T T R
299 T T T Fl F2 Fl
301 R T R
304 T R T
308 BB200DT T T T F3 F2 F3
310 R T R F3 F2 F3
317 T T T F3 Fl F3
326 Cz T T T F2 F3 F2
328 | R T R Fl F3 F2
335 T T T Fl F2 Fl
344 T T T F3 F2 F3
353 T T T F3 Fl F3
362 BB2 T T T Fl F3 F2
362A BB20ODT 10-20 Kyd T T T F1 F3 F2
364 BB20ODT 10 Kyd -00- R T R Fl F3 F2

7 BELKNAP started event in transmit, later switched to passive
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Event Sonar Ship Sonar Rel. Brg. Xmit Sked Freq Sked
No. Mode Separation

365 B2DT 1 yd 4  R R T Fl E3 F
366TR T T
371 T T T Fl F2 Fl
373 R T R Fl F2 Fl
380 T T T F3 F2 F3
381 T R R F3 F2 F3
398 cz T T T FL F2 F2
400 R T R
401 R R T
407 T T T Fl F2 F1
416 T T T F3 F2 F3
425 T T T F3 Fl F3

436 20 T R434 TBT2TDFL Fl2

437 R R Tl
439 20 Td
443 T T T Fl F2 Fl
445 R T R Fl F2 Fl
452 T T T F3 F2 F3
453 T R R * I
461 T T T Y F
470 cz T T T Fl F3 F2
472 R TR
473 R R TV
479 T T T Fl F2 Fl
488 T T T F3 F2 F3
497 T T T F3 Fl F3
506 B2DTT T T Fl F3 F2
508 - T R
509 R R T4
5101511 T R T F2F

515 1 T T FL F2 L
517 R T R Fl F2 Fl
524 TT F3 F2 F3
529 T T F3 F273

*sicCLOY changed to F2 for part of this event
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Event Sonar Ship Sonar Rel. Brg. Xmit Sked Freq Sked
No. Mode Separation

533 BB2ODT 20 Kyd . T T T F3 Fl F3
538 T R T F3 Fl F3
542 cz T T T Fl F3 F2
544 I R T R Fl F3 F2
553 1 R T R Fl F2 F2
561 T R R F1 F2 F3
578 BB20ODT T T T Fl F3 F2
587 --- T #T T Fl F2 Fl
596 T T T F3 F2 F3
605 T T T F3 Fl F3
614 z T T FIl F3 F2
623 CZ T TF F2 Fl

*McCLOY was in BB20ODT for events 614 and 623

#BELKNAP is not depressed 200. There is no bottom reverberation.
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TRACK PHASE

Participating Units: BELNAP, McCLOY,
GARCIA, SENNET

Formation: Sennet Guide Sta 0, Belnap 240 R,
McCLOY 300 R, GARCIA 090 R

Event Sonar Ship Keying Interval Xmit Sked Freq Sked
No. Mode Separation Zone Start

(kyd)

649 ODT 1.25 Kyd 2.5 R R R F1 F3 F2

651A ODT 2.5 R T RI1 1
658 BB30 0 R R T
660 ODT 2.5 T T T F1 F2 F1
668 BBO 0 R R TI j j
#67A BB30 0 R R T 2 y
669 ODT 2.5 *T T T F3 F2 F3
677 BB0 0 R R T I I
678 BB30 0 R R T
680 ODT 2.5 T T TF3 Fl F3
688 BBO 0 R R T
689 BB30 0 R R T
690 ODT 2.5 T T T Fl F2 F3
691 ODT 5 Kyd 10 R R R Fl F3 F2
692 ODT 10 T T T
694 ODT 10 R T R
700 BB0 0 R R T
701 BB30 0 R R T

703 ODT 10 T T T Fl F2 F1
711 BB0 0 R R Ti
712 BB30 0 R R T
714 ODT 10 T T T F3 F2 F3
721 ODT 10 T T TI
722 BB0 0 R R T
723 BB30 0 R R T
725 ODT 10 - T TFFl F
733A BBO 0 'k R T

*McCLOY began event in transmit, but switched to passive

#GARCIA transmitted BB20ODT triple ping
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Event Sonar Ship Keying Interval Xmit Sked Freq Sked
No. Mode Separation Zone Start

(kyd)

734 BB30 5 Kyd 0 R R T F3 Fl F3
735 ODT 10 T T
737 ODT 10 tRyd 15 T T T Fl F3 F2
745 BBO 5 R T T | I I
745A BBO 5 R R T
746 BB30 5 R R T
747 ODT 15 R R RFlF2 Fl
748 ODT 15 T T T
756 BBO 5 R R T
757 BB3O 5 R R T
759 ODT 15 T T T F3 F2 F3
767 BB3 5 R R T
768 BB30 5 R R T y y
770 ODT 15 T T T F3 FlF
778 BB0 5 R R T
779 BB30 5 R R T

780 ODT 15 T T T Fl F2 F3
801 BB42 10 Kyd 7 kyd T T T Fl F2 F3
802 T R R
803 R T R
804 R R T
805 T T T Fl F3 F3

806 jT R RI
807 R T R
808 R R T
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