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II. ~~WER SPECTRA

(~) In order to gain a better intuitional feel for the analysis of

~tctual sonar data, several power spectra were computed for two

different submarine aspects . These spectra were computed by squaring

the modulus of a discrete finite Fourier transformation. The trans-

mitted signal was ti linear F1s~ upsweep with a bandwidth W = 627 Hz,

pulse length T = O.lO21~ sec, N = 61k, and the return data was sampled

at four times the carrier frequency, F = 5000 Hz. Only the frequency

band of interest was plotted, and each scale was normalized.

Figures 1 and 2 show the power spectra for a beam aspect submarine .

Of particular interest is the low frequency ripple in the power

spectra. This is the information that Cepstruni and other correlation

techniques use to decompose the data into highlights . As an

interesting calculation, the distance between the large peaks in

Fig. 1 is about 122 Hz. This information can be related to a physical

distance as

- 
5000 ft/sec

122 Hz(2 path length)

The beam of this oarticular submarine is appro~tmately 27 ft. Even

though this was a rough calculation, the numbers are of the same

magnitude . The purpose of the study was to demonstrate why the power

spectra of the stern aspects shown in Figs. ~3 and !f are so much
different than the spectra of the beam aspects. This is to be

expected because the highlights of a stern aspect would be separated

more in time than the highlights for a beam aspect . Since the

frequency domain is inversely proportional to the time domain , the

ripple in the spectra for a stern would be much more closely spaced

than the ripple in the spectra for a beam aspect . The characteristics

I
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FIGURE 1

POWER SPECTRA OF BEAM ASPECT SUBMARINE DATA (Ii)
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FIGURE 4

POWER SPECTRA OF STERN ASPECT SUBMARINE DATA (U)

SEQUENCE: 31
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III. THREE-DIMENSIONAL PLOTS

(C) For active sonar a potentially powerful tool in signal processing

is the detection of phase in returning highlights with respect to the

transmitted signal. This phase information can be used in addition

to locating highlights in time and measuring their amplitudes. As

reported in Quarterly Progress Report No. 5 on Contract NObsr-95181 (u)
it was demonstrated On artificial data that Med~ ressy analysis (impulse

response) would compute the phase, location in time, and amplitudes

of highlights. However, with real data the present method of com-

puting a Medgyessy analysis gives poor results. So far the results

have been very fuzzy, looking much like white noise . This is

attributed to the fact that narrow band data al- &’ treated as wide band

data. The assumption is that noise outside the band is masking the H

expected result . It is felt that a smoothed Med~ iessy analysis can

be computed, but this has not been tried .

(u-r ’ouo4 Another way of approaching the problem of phase detection is to
*process the data in quadrature . With this type of processing, it

is suggested that the result s be displayed in three dimensions . x ( t ) ,
**y(t), and time t. As an example , consider the two plots in Fig. 7.

These plots were computed from artificial data where a linear N~
upsweep was used as a transmitted signal. The difference between the

two plots is the N product. The transmit signal was crosseorrelated

*0. D. Grace and S. P . Pitt , “Quadrature Sampling of High Frequency
Waveforms ,” to be published in correspondence section of The Journal
of the Acoustical Society of America .

~~Narrow band sign~cl s ( t )  = x ( t )  cos co
0
t + y( t ) s i r i  c o t ;  x and y are

the quadrature components and u~ is the carrier frequency .
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EXAMPLES OF THREE WINDOWS USED IN LAGGED CEPSTRUM (U)
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FIGURE 11

TIME—VARYIN G LAGGED CEPSTRUM ENVELOPE

FOR BOW ASPECT SNORKELING SU BMARINE (U)

SEQUENCE: 3
TAPE: 197

T W —  32
W — 625 Hz
F0 5 kHz

LINEAR RI UPSWEEP

DATA LENGTH : 2596 POINTS
max LAG : 1500

DRL - UT
AS— 68—10 23
GEE:gk
8—1—68
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SEQUENCE: S
TAPE: 197

N —  .12

S W — h 2~~ Hz
F — 5 kHz

LINEAR FM UP SWEEP

DATA LENGTH : 25% POINT S
LAG : 1 500

DEL - UT
AS —68— 1024

‘1 
GEE:gk
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TIME-VARYING LAGGED CEPSTRUM ENVELOPE

FOR BOW ASPECT SNORKEI ,INs , St’hiM/tR INF (UI

SEQUENCE: 7
TAPE : 197

N —  32
W — 625 Hz

F — 5 kH z
s.’~

LINEAR RI UPSWEEP
DATA LENGTH : 25% POINTS

max LAG : 1500

DEL - U T
AS’-t’S—1024
GEF :gk
8—1— 68
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FIGURE 14

TIME—VARY ING LAGGED CEPSTRUM ENVELOPE

FOR BOW ASPECT SNORKELING SUBMARINE (U )

SEQUENCE: 9
TAPE: 197

1 W—  32
625 Hz

F — 5 kHz
0

LINEAR FM UPSWEEP
DATA LENGTH : 2596 POINT S

max LAG : 1500
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FIGURE 15

TIME—VARYING LAGGED CEPSTRUM ENVELOPE
FOR BOW ASPECT SNORKELING SUBMARINE (U)

SEQUENCE: 11
TAPE: 197
N . 32
W s 6 2 5 Hz

F — 5 kHz
0

LINEAR FM UPSWEEP
DATA LENGTH : 2596 POINTS

max LAG: 1500

DRL - UT
AS— 68—1 027
GEE:gk
8—1—68
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V. MEETING WIT1~ TEXA S INSTRUMENTS, INC.

(u-~~~.io ) On 29 May 1968 a t echn ical meeting was held between the Texas

Instruments’ Equi~znent Branch and the DEL Computer Science Division .

TI was represented by Messrs . MacDonald and Rice and Dr . Spitznoggle .

DEL was represented by Messrs . Ellis and Shooter and Miss Webb .

(u-~~~~~ ) The purpose of the meeting was to discuss app l icat ions of

curve f i t t ing techniques that have been implemented by TI. As an

introduction to DEL , Mr. Rice agreed to make an analysis of some

unequally spaced time-series data supplied by Miss Webb . The data

represent the light modulation of stars and is of no interest to

the Navy except as a demonstration of a type of analysis.

(u- &3 Since DEL is interested in pattern recognition, it is suggested

by TI that if an equation were computed describing a spectrum or a

correlation (pattern), then it might be easier to detect differences

between equations than, for example, correlations .

(u— ~~~~~) These ideas will be pursued further, and the res’.ilts of

Mr. Rice ’s analysis will be reported later.
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T H E  U N I V E R S I T Y  O F  T E X A S  A T  A U S T i N I S• 
D E F E N S E  R E S E A R C H  L A B O R A T O R Y

• POST OFFiCE D R AW ER  8029 . . 10000 FM ROAD I~~25 ‘ ‘ AUST IN , TEXAS , 78712

25 November 1968
BMS:g k

S 
TRO— 117

Commander
Naval Ship Systems Command (SHIPS OOV1C)
Depa rtment of the Navy
Washington , D. C. 20360

Dear Sir:

Fig. 7 en titled , “Three—Dimensional Projec tions of Two Quad-
rature Sampled Crosscorrelations” (U) and Fig. 10 entitled ,
“Examples of Three Windows Used in Lagged Cepstrum” (U) in
Quarterly Progress Report No. 7 (U) under Contract NObsr— 95 181
were classified CONFIDENTIAL in error. Fig. 7 was numbered
AS—68— 1019 and Fig . 10 was numbered AS—68 —1 022. Both figures
were dated 8—1—68 . They are UNCLASSIFIED.

Applied Research Laboratories will appreciate your lining out
the word “CONFIDENTIAL ” on these f i gu res .

Technical Reports Off ice
(Mrs.)  Barbara M. Schulze

Copies : Distribution
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