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AUI~UJ V~ii~CTI0I~! 0I~ ~“±ACHINERY 1ONES IN SHIP N0I~~ .

~~~~ OD~JCTICN

Thi? r~emoranduxi~ de~3cribes a new ~~thod for the detection and frequency

~ieasureu~ nt of ~ach1nex~ tones in ship noise using only aural ~na1ysis tech-

.~.c ues The technlçue described has been subjected. to preliminary tests

tne results of which show conclusively the high operational value of the

rriethod.. It is anticipated that the detailed results of these and further

;ests will be published formally at a later date . In the meantime this

meraoranduri should serve to acquaint particularly interested persons with the

po~.’er ~f this new technIque.

The Probl~ m: Passive sonar analysts, particularly submarine sonarmen, have

been aware for meny years that strong single-frequency tonal components are

a coumion feature of ship noise at the audio frequencies. Recently developed

methods of passive sonar target classification such as those reported in

references (a) and (b) depend strongly upon the detection and accurate inea-

~uremen’ of the frequency of such tones. The detection and frequency mea-

surenant of such tones has heretofore depended upon the availability of’ ex-

tended-band Lofar equlpoent capable of covering the frequency range up to at

leant 1200 c/s. Such equipment is not yet available in any operational form

and as a consequence application of these classification techniques has

remained essentially a Laboratory procedure.

Recognition of these facts led to institution of a program to attempt

to develop a purely aural technique by which the necessary measurements could
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be made ~~~~ su.ffJ.ci~~it i~c.i~ to a1lo~ ~~~~~~ t5o~. cf the rwr~ des ~~ lea—

tion methods during the p.~rioc~. ufltil e;~~~oprinte spcct~u.r aral.y5ic

becomes generally av~~labie in the deet. The techr1iq1~e re~orrcd h: ;.~e 1~~
evolved, slowly after several othz~e ~.i&:hods ~:c~’~ tricd end found wanti~~.

‘Prob ably the fl~rst method to ~o Ur i~d op raUco~lly wac -th~’cugh the u~c of

adj ustable high-pass and low—pass lt~~~ Thin methoc~; like i~e’.t ot~.iere ,

require s the operator/analyst to ~i ~st detect the presence uf a tone th

broad band signal . The cut-o ff ~~equency of t~~ hij~h-prs s i~~Lter 5s th~n

lowered until the amplitude of t . c  toi~c drops sharply cnc the cut-off ~~~
q,uency is read from 1~he dial . The hi~h-pa.se fil ter is then ‘sacked off :~ L1.

cut-off frequency of the low-pass filter is gradually raised until the tone

again drops out and the dial readinr~ is made . The mean of the t~o d1~.i re~d

ings Is then taken as the rreq uenc~y of the tone. ~ost bm ri~:r~ are now

equipped with the necessary fuio~rs to moke ~~~~ &rc~~s.t~; In this fashion i~rLd

the method may be consider ed s tan dard In t~e ficet . Measurements ma&~ :hi

this manner are iiigh1y inaccurate and tones with very hIgh signal-to-noise

ratios are required before the ~~thod can be ap~1Ied.

An early attempt to improve ~he acer racy of frequency ~eeaourements was

through the use of on ad.juste.ble narrow band rej ection .~‘ilter , or notch fil-

ter , which could be adjusted by the analyst until the a~plItude of the tone

was a minimum and the frequency could then be read from the filter dial .

This method was reported in reference (c )~ The accuracy of frequency measure-

ments was Improved somewhat by this method but it otherwise suffered from the

same deficiencies as the double cut-of.~ method.

Proposed Solution : The new technique has been designed to take full ad-

vantage of the known characteristics and capabilities of the human ear . It
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mak es use of a oan d of freque ncies in ~thich the human ear is most sensitive ,

its res~onse is r~ st uniform and the critica l bands of the ear are narrow a~d

unifor m. Full advantage is taken of the ear ’s high sensitivity in the reco~-

nit ion of low frequency beats . The equipment required is restricted to that

nor mally available in present submarine sonar rooms ; a three-s peed magnetic

tape recorder with a short loop attachment , an octave band filter set to pas s

600 to 1200 c/a , an audio oscillator tunable from 600 to 1200 c/s and , for best

suits , a frequency counter reading to the neare st cycle per second in the

600-1200 c/s range. A block diagram of the equip ment set-up is shown in

~‘igure 1.

It Is assumed that most of the tones of interest will lie In the band

from 300 to 2400 c/s. In the analysis, however, the band being examined at

any one Inst ant is restricted to 600-1200 c/s. This allows the analyst to

ooncen trate his attention on a single octave at a time and drastically reduces

problems arising from auditory masking and aural harmsnico. The analys1~
operating Instructions are as follows.

The signal to be analyzed Is recorded on the short tape loop at the mid-

dle tape speed, normally 7,1/2 ipa . On playback the signal is fed through

an octave band filter so that the operator hears only the band from 600 to 1200

c/s. In practice this filter should be set to pass frequencies from about 500

to 1300 c/s so that no confusion will result near the cut-off of the filter.

Starting at the lowest frequency, (600 c/a) the oscillator level is set to

where the tone can just be heard clearly and the frequency of the oscillator is

then slowly increased. The analyst should listen carefully to the oscillator

tone only and not try to hear the noise or any tones which ~~y be pres ent in

the noise. The oscillator output level should be continuo usly adjusted thr~~ghout

—3— C0~~I~~~TIAL
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~.o keep the c-~ lldtox c1-~ ~ ~~i 1b.Lc’ c ~‘ y~— ‘
~~~~

to concentrate solely or ~iie c~c,L.~~ator ~~~~ ~~ ~~L, ~eni to ~:‘epor~. s~.c r1o~s

tones due to the beating ei:~~ct o~ the backg~our~d : i ~ t: ri  noice. I:. Th’ re

is a tone present in the noise the osc~ .1ator tone will start to beat :n *t~:

frequency approaches the fr ’ iu~~ici of the ~~~~~ tone. 3t ii :~..~t~~ii~ ~o

the oscillator tone ~1ie anaiy~~ c~iy then cc r~ab .~h a e~~’ acct’~ate ~~~ -1- ~ ;

point . The frequency of the unknown tone ir iy n i~e :~~ed frc~iu the dllI~2-

tor dial. (With norma). oscIllator dials and cal Lbratf~x~s the great -~s~ eu~or

will arise in the process of r~~ic1:ing the d~~.1. Yor th:~ reason ‘:i~ r~~~~.~:a

of the it~~~w~-eaents cen be greatly Ir~ roired ~~ using th~. ~~~~~ ~~ co~n ~~~

as shown in Figure 1, to read the oscillator freqiien c~ ) Th~~ process L~

then continue d tone-by-tone ~~virig slowly ~eross the fr ~?cuency range ~o 3200

~~~ It should be emphasized here that by this method the analyst will de-

tect tones which he cannot detect aurally by any other eeans the procc~
must be followed even though the re are no apparent tone~ present in t~~ 5ar~d.

In the target classification process it is :Lmperat that tonal ~rec~yen-

d e s  be measured with the greatest possible ~ccuracv and ~hat as many t~ ~~ as

possible are measured. It is e~uaUy important however, that only real tones

be measured and that the “faise-alarn~’ rate be kept to a minimum. I1~ the opera-

tor record s the frequency readings only for those tones which can definItely be

made to beat and for which the beat rate can be changed by jockeying the oscil-

lator dial he viii restrict his readings only to real tones and will, with a

little practice, be able to detect tones which he cannot otheivise hear .

Having completed the search f’rom 600 to 1200 c/s the analyst should slow

the playback speed to 1/2 . The frequencies originally falling in the range

from 1200 to 2400 c/s will now fall into the range of the fI~ted filter and the
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proc ess is repeated. Frequencies read from the oscillator or counter will
now be 1/2 of the original frequencies and the values must be doubled before
they are used for computation . When th is frequ ency band has been examined
the playback speed is changed to the fastest setting which should be twice
the original record, speed. 1~ow the band of frequencies whIch was orI~ual1y
300 to E0o c/s will ~~pear in the filter band and the process Is repeated
once more. Frequencies read from the oscillator ~ill now be double the true
frequency and must be divided by 2 before being used for computation.
Testing the Technique: The method described above sh~wed excellent promise
when tried in the Laboratory but it wa~ decided to subject the technique to
at least a preliminary test before submitting it for operational use. S~x
teat samples were chosen from previously recorded. sounds from various types
of ~~~~~~~~~~~~~~~~~~~ ships . The samples varied in difficulty and in
the number of tones present and. care was taken to ensure that somewhere in
the test there was at least one tone in each octave.

Plans were made to give the test to three differe nt groups of people.
The first group was composed of twelve experienced , submarine sonarmen who
were provided only with the adjustab le band-pa ss filters normally availabl e
on boar d the submarines and were instructed to determine the tonal freque n-
cies by whatever method they were used to using . The seooiid group was made
up of ten experienced sonarmen of varying backgroun~~ who were prov ided with
an oscillato r and frequency counter and were given instruct ions essentia lly
the same as those given above. The third group was made up of ten seamen with
no previous sonar experience of any kind who also used the oscillator -beat
method of tone finding.

In order to a1mplj fy the test procedure, especially for the inexperienced

c0?~~~~~~ IAL
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gr~~p, the t.~i~t ~~~~~ ~~~C ~~~~~~~ ‘ t~t~ ~J ? c ~r~a.:. ~~~~~ 1: - i~- :L~i ~~~~

forn , used o:~1~r by ‘~-ut~ ~he ~~~~c~: ~;e~. -~: ~ ~~~~~~~~~ .5. c u ; ~~ üv th :.:~~ ,~ i2

a 300 to 21t00 c/s ba~d.—pas~ L’:Llt~ ’ . a~~ 3 L ~~iC ~Y’-~~ ~~~ ~~~~~~~ ~~~~~ CX~~2

the last which ~as only three ~~~~~ ~~ . In th~ ~~~~~~~~ for-~. i~~~ ~~ ~~r ~~~~~ Ii

and III , the vrohlem c~ -~~d ~~~~~~~~~~~~~~ ~~~~~ ~~~~~~~ ~~~~~~ ~l;~~j~~~~~i 1~r -•

c~~d±r.g each sa~~le for two ~i~v~t~:: at -~~~ r~-~~ ~~~ ~~ ~~ the tna1~st

had two minutes ~o work in ee.ch ~~~~~~ Th~ l~~t ~~;cpie ~~s ~~~~ only ~~
minutes in total length . At the beginning of this :~ :el~ voi~~ i -~r~cth::~: for

the test were recorded together with a couple of strong tones to ~~ ~~~~ for

practice in the techr,.iq~te before s~~rting th~ teat , While ~ Ivin ~ th~
Gro ut XII , the Inexner leneed ce~~~n, the t~~ t instructor control L~d t~~ level

of the oscillat.or tone r The scna~~~n in Group II ccn~r~D 1.1~~ tb~Ir o~~ o~c~.l’.

lator levels .

Figure 2 shows Lofar record s o~’ the ~ix tec~ I There ~~ no ex-

pectation that any aural technique will ~o;~]~ te in tone det .~ct Lc ~t

with the Lofar and these recordo a~~ shown criat~rily for :~.1 ~~trative purposes.

Standard or “correct” frequencies for tones found. a~1ra~Lly in the test c :’c

taken from the Lofar records . Casual examination of Figure 2 will show that

each sample contains several tones end that there is at least one strong tone

in each sample. It also shows that some of the test samples shculd have been

more carefully chosen ein~e there are definite fr~~uency shifts within the

length of the samples , particularly in samples 2 and 6. D~spite some of

these obvious faults the test aampaes were found satisfactory fcr this pre-

litninary test.

Teat Results : The purposes of’ the preliminary test were twofold. The pri-

mar y purpo se was to compare tone finding and measurement capabilities of the

-6- C0I~’I~~ 1TIAL
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r.Jo metrc~~ ~ r~:.L ly~i’~. The seco~~ was to get some inãica tion of whether

t~ c: ne~r method could apDlied by inexperienced people and to compare their re-

auJ.t ~ with those of t?~e~ othe r two groups. There are ma ny queat.ions concerning

learnIng end experience in the use of the oscillator -beat technique and ultimate

ability to detect weaker and weaker tones but no attem pt was made to answer these

questIons at this time. Our principal concern was to deter mine whether the new

technique yielded better results than present operational methods.

A cursory examination of Figure 2 shows the presence of nine strong tones

which appear to be materially stro nger than any of the others . These nine tones

we re selected for this preliminary examination and are marked A through I in

Figure 2. The results in relation to these nine tone s are shown in Table 1.

For oath tone and each Group the table shows (i) the number of people who de’-

~ected t~e tone , (2) the mean frequency measured by those who detected the tone ,

~i.id (3) the standard deviation of measured frequencies.

In every case the persons being tested listed tone s which could not be

reasonably related to any signal s shown on the Lofar records . For each of the

nine tones then . some arbitrary method had to be adopted for determining whether

or not the tone had been detected. For Groups II and III this arbitra ry limit

was taken as + 10 c/a on the grounds that beats cannot usually be heard if they

exceed this frequency . The accuracy of frequency measurement for Group I was

expected to be uich poorer than for the other groups so. since the filter scale

accur acy is proportional to frequency, an arbitrary limit of + 5 percent was

selected.

Sunm~ary of the data presented in Table 1 is fortunately very str aightfo rvard.

The 12 men in Group I had the opportunity to detect 108 tones . Only 13 were de-

tected and in no case did ~~re than 3 men detect any one tone . Average frequency

7 O0NFI~~~TIAL
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e:~~ors wer~ ~~~ and ;tanda ~~t d~ ir~~ c.:~ .’u , ~~erc ~~~~~~~~~ ~ .:e ~~~~~ %L3 t~-

surements would be useless i’o~ app1ic~~:.~on to r g :  classificat ica.

The 10 men In Grou~ II , all e~perienc~ k scmarir~n, ~~ 90 o~~ortunittez to

detect these tones and dId ~~ In 66 cases. ~~ e of the ni~~ t~;:.~~ were c~e~cc~~d

all ten men . Average :~‘requenc±es ~or ~~ r~c ~~~~~ ~~ v~~j  cl ”;e ~ our ‘best

measurement in all cases ‘but one and c~tanda.~i dcviatIci ~i very low. ~~~~

last results are controlled to a cert~In e~~;~nt by the ~0 c/~ limi 1~s i laced cn

allowable errors but even with ~~~~ J. initation the actual mi~a&~urem~nts lie ~i~1l

Inside the arbitrary limit. It Ic in ting t~) note that the on~ tonc ~C’~ for

~hi~h this group did poorly wa~ the first tone to be measured in n~ar1y every

case. For this one sample tone we were con-iinced that each of ~~~ ~the men had

in fact found the tone and the 10 c/~ li~r~ts irere z elay.ed to inclule all reason.-

able measurements. ~ad the 10 c/s ~~n1t bean strIctly i~e~c~;ed :.~ .:r four ~~n
been

would have/adjudged to have found ~~ sigrw.l . :~; ~ea~s ~•~~ iaps lesrri .~~

played a Dart even in the short Uura ~~.on of th:.s test.

The 10 inexperienced soncrmen in C4~.’c~p III also had 90 op:cortunities tc~ ~te~
tect the tones and did so In only 18 cases. For thoRe tones wbich ~iere fr.~~~i.i the

accur acy of frequency measurement and small standard deviations in~2erent n tae

sys tem are reflected In Table 1. AU reasonable figures shown fo.~ tone ‘1C” wcre

again included in the table .

Conclu sions ; In the hands of exper~ ’~nced sonarmen the technique described above

is a powerful end accurate too]. for determination of the frequenci~s of strong

machinery tones in ship noise. ~tc use operationally In submarines promises far

better results than pre sent nx~thods and in particu1ar~ results should be auff 1-

cieritly accurate for use in zx~dern target classification techniques.
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Co .: ’.~~,: of !‘ i ~~~;3 ~rY;h e~. r~eaca .’ ~~~~~~~ a r i  ~~e rIe~ .

Indicates that a~n1i~ and experience are a factor in u~e of the ‘ ~~~~ ‘~

ever , cJn~e only half of th~ men In Group Ii had previoui~ passive sc~~. ~~~~
it su.ggeets ~~~~ familiarity with electronic e~uIisnent and ~;~ tl die : “-~.:~~~~‘

l.Lo n:~r~ in general s~y be at ~ou.~t ar ~ L~iportcnt as ~~~~~ ex~.t . -ace

finding .

A1thcaa~-n not demonstrated in this test it is stro~.~ly s~~ ~

method can be c1uick3.y learned even by the most exp~r~~n.~~ uer~ ’ . ~n

that adci~J.t±cna3. experience in use of this technique would qu.1.ck y ~v .e. ~u

perlenced sonarman s abIlity to detect weaker tones wia~Th s~~~ lt~~ -~~ub . y 

~e alarm rate of detect Ion of non-existe nt tones and ~~~~~~~~~~~ :.1~~ ~~~~

~1n~~~n~ - Further ...osting of the capabilities Inherent. in this ~
ula~ncd.. It Is not believed that tl~ technique, as presented , is ~~~~
-~:hn optinum method of aural measurement of tones in noise and furtae ’ ~f ’  r .

will, be made to Improve the method. Several possible irr~u.\Ivcaora . . r.

~ea*r su~ ’este d themselves will be tried and tested. It Is an tIeiF~.te~
fo,ml report wIll be issued upon completion of further tests and tee~~Iqut

provemeuts.
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(a) U~~EL Report 1010 , “A Mathod. for Passive Sonar Target ClasaIti cst iot~,” b,
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~;3~i~it ~ 1~i~J

‘~~A J :  ~

& ‘nai lctt er A B C D F. F G . : ‘H
Frequency c/~ 100 ~~~~ JJ —20, 2l~0 3~I2 ~~~ 090 .~~~

~~~~de ee~ed~~~~~~~~l 3 2 1 3  a + 0
Group X 1’~ncn freq. 720 1215~ l65o~ 2172~ 315 !. a~ . - -

Std. ~~viatIon - - ~2 . 12 26 .. -

o~p N o  ~~~ 
~~~ ~~

Mean fr eq. 701 1282 l62~& 21~7~ 373 ~-~C ~ 990 ~~O0 ~~7
Std. ~~viation J , 1.G 2.8 20 3.2J 2

~
5 2.~~,,,j4Ji . 11

~L~ •2
Group U~ No. detected O~~1 1 2 ~~~ 5~~~ 0 8 ~~~~~O~~ 0

Mean freq . - 1276 l63l~ 2J)~-O~ . ! ~ c ~ - ..

Std. Deviation - 51 2 . 0~ - 2.3 - -
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