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1.0 INTRODUCTION (U)

1.1 Background (U)

(U) Two-types of signals are examined in the following procedure
Co derive PNB operational ©NRDs, Continuous Wave (CW) and
Gau551an. The amplitude of the envelope of Gaussian signals
varies from cycle to cycle, while CW signals have a constant
envelope amplitude, CW signals are sinusoidal, with a fixed
amplitude (and possible slow frequency mﬁdulatlﬂn}, while the
amplitudes of Gaussian signals are random variables with Caussian
probability density functions.

(1) In the frequency domain the CW and Gaussian signals look
similar- but their probability density functions (PDFs) are
different. The probability density function (p(x)) is a
real-valued, non-negative function which describes the
probability density that random data will assume a value within
some defined range at any given instant {:rf time. Figure 1-1
presents the PDFs for CW and Gaussian Elgnals. The PDF of the
Gaussian signal is the classical normal (i.e., Gausslan) random

process shape.

Gaussian Signal PDF CW Signal PDF
P(x) . P(X)

0

Figure 1-1 (U). Signal PDFs (U)
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1.2 Purpose (U)

() This technical document provides a procedure to derive
cperational recognition differentials (NRDs) for submarine
sonars/processors  that wuse Fast Fourier Transforms (FFTs) ,
against signals of varying duration and bandwidth. The procedure
has been expanded from the procedures reported in reference [a].
This expanded procedure includes the following:

a. A combined procedure for both CW and Gaussian signals.

b. Theoretical HNRDs for Gaussian signals are based on
statistical noise bandwidth rather than signal bandwidth.

c.— Theoretical NRDs for CW signals are based on

statistical nolse bandwidth rather than effective nolse
handwidth.

d.  ORing losses were selected for LOFARgram displays with
observation times of 300 seconds. Losses include degradation due
to frequency and/or beam ORing, either as individual stages or
concatenated stages. ORing loss data is based on the analysis
reported in reference [b].

a. Theoretical NRDs for signals with Gaussian amplitude
characteristics, as well as for CW tones, were extended to allow
calculations out to 10,000 independent samples. The NRDs for
signals with Gaussian amplitude characteristics are based on
theoretical NRD values presented in reference [c]. The NEDs for
signals with CW amplitude characteristics are based on
theoretical NRD wvalues from work done by A.H. Nuttall (reference
[d]), using a more precise approach than G.H. Robertson’s
approximate calculations (reference [e]).

f. Signal suppression loss associated with normalizers has
been revised. Normalizer loss 1is based on the analysis reported
in reference [f].

. Signal energy loss that results when the observation
time is less than the minimum of the processor integration time
and the time of one independent sample is based on the analysis
reported in reference [g].

h. Calculations were revised to determine the number of
independent samples to account for correlated samples due to

overlapping FFTs. This procedure was based on analysis reported
in reference [h].

1. At-sea loss was revised based on a recalculation
reported in reference [t].

(1) The  procedure applies to search LOFARgrams and
classification LOFARgrams. _It does not apply to processors that
employ exponential integrators (as in ALIT and FRAZ processors).

1-2
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A procedure to determine NRDs for exponential integrators and to
determine their DRlng loss will be incorporated as scon as a
procedure and ORing Loss wvalues are developed, Section 2
consists of a step-by-step procedure, followed by examples for CW

and Gaussian signals. Appendix A provides assumptions and
detailed rational for the step-by-step procedure.

1.3 Application (U)

(U} The procedure 1is intended to be the NUWC standard for
determining submarine sonar operational PNBE NRDs. It alsoc could
be used to generate NRDs for in-plant performance if operator
assurance and at-sea losses are not considered. There currently
exists a computer program which will compute operational NRDs
based on the steps defined in reference [a]. The program is coded
in FORTRAN and runs on any 100% IBEM compatible personal computer.

It is planned to update the PC NRD program with the steps

outlined in this document. The PC NRD program will allow for the
determination of ORing Lnss for:

iy

1. Observation times other than 300 seconds

or display wupdate rates other than 12
seconds, and

2. CRing stages other than 2:1, 3:1, 4:1,
611, 8:1, and 16:1.

CON\FI/DEﬁfJAL



CON TIAL

2.0 PROCEDURE TO DERIVE OPERATIONAL PNB NRDs

This procedure should be used to derive operational PNE NRDs
by applying degradations and losses to theoretical NRDs for a
probability of detection (Pd) of 0.5 and a stated probability of
false alarm (Pfa). The procedure requires that signals for which
NRDs are to be derived ke defined in signal duration and
bandwidth. These NRDs are to be used in the sonar eguation for
which s%gnal levels are specified as total line (band) evels
(dB/ /pPa”) and background noise as spectrum levels (dB//xPa®/Hz).
They are NRD in dB//line or band level to noise spectrum level,.

]

- 211l other signals are CW
with strengths defined as band levelsT

NOTE: In order to use the NRDs derived from this
procedure, a correction is required to convert
Gaussian signal source levels to band level. The
source lewvel should be adjusted by:

10 =* 1Gg1@[EEig}
where,
Bgig = Displayed Gaussian signal
bandwidth in Hertz

Determination of the displayed bandwidth is
included as part of Step 8 of the NRD procedure.

(U) Appendix A provides an expanded discussion of the rationale

and procedures used to develop the following derivation of PNB
NRD wvalues.

2.1 STEP 1. DETERMINE ANALYZER EFFECTIVE NOISE BANDWIDTH (Baff)
AND STATISTICAL NOISE BANDWIDTH (Bgtat) (U)

(U) The bandwidth of an FFT analyzer (Bpip) 1s broadened by the
use of weighting on the time series, Determine the effective
noise bandwidth (Bggg) by multiplying the unweighted analyzer
resolution, which equals bin spacing, by a factor (Kg) dependent
on the weilghting scheme (Bggf = Bpip * Ke)- The factors for
several common weighting schemes are:as follows:

Effective Noise Bandwidth
Weighting Scheme (Es)
Unweighted (rectangular) 1.00
Fejer (triangular) 1.33
Hamming (raised cosine) 1.36
Hanning (cosine squared) 1.50
Kaiser-Bessel 1.80

-

2=1
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(u) Determine the statistical bandwidth (Bgtst) by multiplying
the unweighted analyzer resolution by a factor (Kg) dependent on

the weighting scheme (Bgtat = Bpip * Kg). The factors for
several weighting schemes are as follows:

Statistical Noise Bandwidth

Weighting Scheme {Kg)
Unweighted (rectangular) 1.50
Fejer (triangular) 1.86
Hamming (raised cosine) 1.89
Hanning (cosine squared) 2.09
Kalser-Bessel 2.48

(U) Note that Bgff is used to determine the effective averaging
time of the filter and to correct noise to 1*'Hertz while Bgtat 1S

the processing gain bandwidth and is used to determine the
bandwidth-time product,

(U) For other filter shapes (including those not associated with
an FFT analyzer) the effective noise and statistical bandwidths
should be determined by the formulas in Appendix A.

2.2 STEP 2. DETERMINE TIME (T) USED IN BT PRODUCT (U)

(U) The time used in the BT product is the time the signal is
displayed and therefore is limited at one extreme by the total
displayed history and at the other limit by the maximum of the
processor integration time or the time for an independent sample.

T = max{ min(Tsig, Tobs: Thist): Tmin }:
Tnin = max[ Tint, 1/Bgff ]

where, 1 . '
Tsig = Slgnal duration in seconds
Tops = Observation time in seconds
Thist = Total display history in seconds

Tint Processor integration time in seconds (display
update rate for LOFARgrams)
1/Bgrf = 1/STEP 1 (time in seconds for an independent

sample)

2.3 STEP 3. DETERMINE NUMEBER OF EFFECTIVE INDEPENDENT
SAMPLES (N) (U)

(U) If the number of samples used in an FFT is overlapped with
the samples of successive FFTs then the samples are correlated.
The number of effective independent samples can be determined by
multiplying the Bandwidth-Time product by the factor Koverlap-

2=2

— CONFDENTALE—



- CONFIDENTAL—~

Factors for several Weighting Schemes and percentage of FFT
overlap are as follows:

) Koverlap
Weighting Scheme 50.00% 75.00% 87.50% 93.75%
Unweighted (rectangular) 0.982 1.043 1.053 1.051
Fejer (triangular) 0.908 0.921 0.910 0.903
Hamming (raised cosine) 0.906 0.928 0.915 0.908
Hanning (Cosine sguared) 0.861 0.920 0.908 0.900
Kaiser-Bessel 0.757 0.937 0.925 0.917

NOPE: Figure A-1 in Appendix A provides factors

gverla for addltiﬂﬂal FFT ﬂ'vErlapE not
pr55ente§ in the table above.

(U) The effective number of independent Eamples (N) is computed
by taking the product of the bandwidth (Bgta+), time (T), and the
appropriate Kﬂverlap

N = Bstat * T * Kgverlap
where,

Bgtat = Statistical Noise Bandwidth in Hertz (STEP 1)
T = Time in seconds (STEP 2)

Koverlap = Overlap Correction Factor

2.4 STEP 4. DETERMINE THE THEORETICAL NRD (U)

(U) For a CW signal, use figure 2-1 to determine the theoretical
NRD for the number of effective independent samples (N) (from
STEP 3) and the Pfa of the processor. Figure 2-la presents
theoretical NRDs for independent sample sizes (N) from 1 to 100.
Flgure 2-1lb presents theoretical MNRDs for independent sample
sizes (N) from 100 to 10,000.

(U) For a Gaussian signal, use- figure 2-2 to determine the
theoretical NRD for the number of independent samples (N) and the

Ffa of the processor. Figure 2-2a presents theoretical NRDs
against Gaussian signals for independent sample sizes (N) from 1
to 100. Figure 2-2b presents Gaussian .signal theoretical NRDs

for independent sample sizes (N) from 100 to 10,000.
2.5 STEP 5. CORRECT NRD TO A ONE HERTZ NOISE BANDWIDTH (U)

(U} A cmfrectinn is required to convert the NRD to a one Hertz
noise bandwidth. Assess a bandwidth correction as follows.

10 * logjg(Berr)
where,

Befr = Effective Noise Bandwidth in Hertz (STEP 1).

2=3
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2.6 STEP 6. DETERMINE SIGNAL ENERGY LOSSES ()

(U) If the signal duraticon iz less than Tnin, & signal energy
loss should be assessed.

—10 * logyg(Tsig/Tmin)

where,
Tgig = Signal duration in seconds (STEP 2)
Tmin = Lower Time limit used in determining T (STEP 2)

(U) If the observation time is less then Tmin, @ signal energy
loss should be assessed.

=10 * logyg(Tobs/Thnin)

where, _
Tobs = Observation time in second€ (STEP 2)
Tmin = Lower time limit used in determining T (STEP 2)
2.7 STEP 7. DETERMINE THE DEGRADATION FOR OPERATOR ASSURANCE (U)

f}ﬂﬁ For a CW signal, the degradation for operator assurance is
dependent on the processing functiﬂn.ﬂf ;j

T

For a Gaussian signal, use Figure 2-3 to determine the
adation for operator assurance for the number of independent
samples (N from STEP 3). [ -

[

2.8 STEP 8. DETERMINE IMPLEMENTATION.LOSSES (U)

(U) Analyzer Scalloping Loss - For a CW signal, analyzer
scalloping loss is dependent on the weighting scheme. For the
following welghting schemes, determine the appropriate analyzer
scalloping loss.
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Weighting Scheme Scalloping 1
Unweighted (rectangular) 1
Fejer (triangular) 0.
Hamming (raised cosine) 0.

0.
0.

Hanning (cosine sguared)

0s

2

-

5

5

Kalser-Bessel 4

(U) For other weighting schemes, the average of the sguare of
the normalized filter response should be computed. The frequency
range of the average should be between the crossover points of
adjacent bins.

(U) For a Gaussian signal, do not assess any scalloping loss.

(U) ORing Loss - If the processor uses frequency and/or bean
ORing, then the degradation due to lost infgrmatian from taking
the largest wvalue of N adjacent beams 1Gr bins)} should be
assessed, To determine the loss associated for a processor with a
display update of 12 seconds first locate the appropriate figure
for the given configuration from below.

ORing Ratio Figure Number
2 2=4

BB OB B BD
|
W0 =] O Ln

|_I-
Lo 00 o LS

N Y

2=10
2=11
2=12
2=13
2-14

h 00 b L B
P
N N T T T TET
Lad L L L L

o

NOTE: Figures 2-4 thru 2-14 are ORing losses for a 12
second display update rate and an observation time
of 5 minutes. If either of these is not true, the
figures should not be used. The PC NRD procedure
should be wused for other display updates or
observation times. ' |

(U) From the appropriate figure, determine the ORing loss using
the Pfa of the processor and the effective number of independent
samples divided by 12 (N/12) (where N is computed in STEP 3).

(U) Concatenated ORing stages can be treated as a product of the
individual stage ORing ratios on either side of a 3:2 ORing
ratie. A 3:2 GRlnq ratio breaks the string. The 3:2 ORing can
be combined with prior N:1 ORing. Example, if an ORing string is
2:1, 2;1, 3:2, and 3:1, then total ORing loss should be based on
the loss of: 4:1 + 3:2 ORing loss added to 3:1 ORing loss.

2=10

-CONHDENTAL
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Eﬁ(r Normalization Loss - To assess normalization loss proceed as
ollows:

a) First determine the displayed signal bandwidth. The
signal bandwidth used to calculate normalization and
overresolution losses for both CW and Caussian
signals is the bandwidth of the displayed signal.

Bgig = Min[Fmaxsig:Fmaxband]‘max[Fminsingminbanﬂ]
where,
Fpaxsig = Maximum signal frequency in Hertz
Fhaxband = Maximum frequency of processor band

of interest in Hertz
Fpminsig = Minimum signal frequency in Hertz
Fminband Minimum frequency of processor band
of interest in Hertaz

b) Determine the number of processor bins occuplied by the
signal, X.

£ = Bgig/Bpin

where,
X = Width of signal in bin spacings
Bgjg = Displayed signal bandwidth in Hertz
Bpin = Unweighted bin spacing (STEP 1)

c) If the processor

depending on the wvalue of X and the signal type,’
determine the normalization loss from Figure 2-15.

e ———n

e
d) If the processor is [ _ 1
[T = depending on the value of ¥, the selected
normalization setting, and the signal type, determine
the normalization loss from Figure 2-16. :j

2.9 STEP 9. DETERMINE THE AT-SEA DEGRADATION (U)

At-sea degradation is based on comparison of predicted and
at-sea measured NRDs, and is a function of array type and type of
displayed data. For the following arrays, determine the
appropriate at-sea degradation.
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Further degradation should be assessed 1n an environment

f ;:]that has high contact density
ecause of increased dispTay clutter. This additional
degradation is also array dependent. For the following arrays,

determine the additional t-sea degradatiop. that should be
assessed while operating in[fi |

o .

2.10 STEP 10. DETERMINE OVERRESOLUTION LOSS (U)

-

p———
) Calculate the ratio (Rpps) cf{ . : h

Fres i \ I
where, — : —
Rreg ?i; ' \

Seff = Effective noise bandwidth in Hertz (STEP 1)
Bgig = Displayed signal bandwidth in Hertz (STEP 8)

If the ratioc X (STEP &8 - NORMALIZATION LOSS) 14:; #:1
' ﬂ then assess the

following overresolution loss.
(U) If the ratio X (STEP 8 - NORMALIZATION LOSS) i 1
Z:: :]then assess the following overresolution loss, —

L | o

2.11 STEP 11. CALCULATE NET OPERATIONAL NRD (U)

Calculate the operational NRD by adding the degradations and
losses to the theoretical NRD. . Losses .raise the threshold and
are therefore added. Note that the noise bandwidth correction is
negative if Bgfe < 1.
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Theoretical NRD (STEP 4)
Noise Bandwidth Correction (STEP 5)
Signal Energy Losses (STEP &)
Signal Duration
Observation Time
Operator Assurance (STEP 7)
Implementation Losses (STEP 8)
Scalloping
ORing
Normalization
At-sea Degradation (STEP 9)
Overresolution Loss (STEP 10)

PNE Operational NRD

2.12 EXRMPLE CALCULATION FOR A CONTINUOUS WAVE (CW) TONE (U)

“

open  ocean. !

[

STEP 1. DETERMINE ANALYZER EFFECTIVE NOISE BANDWIDTH

STATISTICAL NOISE BANDWIDTH (Bgiat) (U)

(U) Barf = Bphin * Kg :n _ ;

where,

(U)  Bgtat = Bpin * Kg =£j :j.l-ag”éii;h :]

where,

"Fg = 1.89 (Hamming welghting factor)

STEP 2. DETERMINE TIME (T) USED IN BT PRODUCT (U)

—

(U) T = { min, _ aj= \sec,
Tminmi}{ma}{;ﬂL—-L‘ J= . JEE [ .)EEC

where,

_ COMNFIBENTIAL
|

-
—
]

{EEff] AND

Bbin={:- f(unweighted processor resolution) ’
Ke = 1736 (Hamhing weighting factor)

A
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e o I
Tsig = ]
Tobs o
ghist =
int = |
- 1/Barr =i—
—

STEP 3. DETERMINE NUMBER OF EFFECTIVE INDEPENDENT SAMPLES (N} (U)

(U) N = Bggat * T * Eoverilap =L_ _:] I:_ _;]

where, — .
= ST
ot L Js'fé( 2

gm:eggapzzﬁz -_:] \

STEF 4. DETERMINE THE THEORETICAL NRD (u)

(U) Using Figure 2-la with ) __ ih ::]the
theoretical NRD isi:‘ :Id?a - \

STEP 5. CORRECT NRD TO A ONE HERTZ NOISE BANDWIDTH (U)

(U) Bandwidth correction 10 * logyg(Beff) —,

10 * logqg J \

Il

STEP 6. DETERMINE THE SIGNAL ENERGY LOSSES (U)

e —

(U) Because signal duration is greater than Tpip
there is no signal energy loss due to signal duration. Because
the observation time (T, nLs) is greater than Tmin
there is no signal energy loss due to ocbservation time

STEP 7. DETERMINE THE DEGRADATION FOR OPERATOR ASSURANCE (U)

) The degradation for operator assurance is I i }

[ ] !

STEP 8. DETERMINE IMPLEMENTATION LOSSES (U)

(U) Analyzer Scalloping Loss is (Hamming weighting).
(U Using Figure 2-9 | B .:J
: : :
/ the ORing loss is [dB to the nearest tenth of a dB.
Bgig = minL j-ma:{f__ j=[ jHertz ‘
where, -
Fraxsig = ertz f
Fmnaxband = ertz
Fninsig = Hertz
Frninband = Hertaz
——
2-27
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(U) The width of the signal in bin spacings is

::-:=[- _j |

Esig = Hertz
Ebin = Hertz

Therefore, the signal suppression loss associated with the
normalizer is 0.0 dB from figure 2-15.

where,

STEP 9. DETERMINE THE AT-SEAR DEGRADATION (U)

%?ﬁ The at-sea degradation is ! i{

STEP 10. DETERMINE OVERRESOLUTION LOSS (T)
1S

(U} Because signal bandwidth |
| . TJthe processor bandwidth

should be assessed.

not greater thanLt _:”
no’! overresolution loss

STEP 11. CALCULATE NET OPERATIONAL NRD (U)

?ﬁ The operational PNE NRD is:

Theoretical NRD (STEP 4) : __\
Noise Bandwidth Correction (STEP 5) +3
Signal Energy Losses (STEP &)
Signal Duration ¥
Observation Time +:
Operator Assurance (STEP 7) + 1
Implementation Losses (STEP 8)
Analyzer Scalloping
ORing
Normalization
At-sea Degradation (STEP 9)
Cverresolution Loss (STEP 10)

+ + + + 4

—

Operational PNB NRD g {:_ 1.

2.13 EXAMPLE CALCULATION FOR A GAUSSIAN SIGNAL (T)

-
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open ocean. Determine an NRD against this signal/processor
combination.

NOTE: Adjust the source level by 10 ti?ea the log of

* the =signal bandwidth (Bgig = as
determined in STEP 8 of the procedure). -

L ]

STEP 1. DETERMINE ANALYZER EFFECTIVE NOISE BANDWIDTH (Baff) AND
STATISTICAL NOISE BANDWIDTH (Bgtat) (U)

(U} Beff = Bpin * Ke = [j +:]
wherei _j

1

Source Level Correction = 10 # logi1g(Bgig)

|

Ke = 1.36 (Hamming weighting factor) ~
]
(U)  Bgtat = Bpip * Kg = ® 1,89 = I_- :]
where,
lﬁg = 1.89% (Hamming weighting factor) ~

STEP 2. DETERMINE TIME (T) USED IN BT PRODUCT (U)

1 = et —
(U) T = max{min[ i
Toipn = X [
min = ha [E _ - o
where,
T il
Siq =
Tobs =
hist =
int =

STEF 3. DETERMINE NUMBER OF EFFECTIVE INDEPENDENT SAMPLES (N) (U)

(U) N=B * T % Koverlap = L~ ]

STEP 4. DETERMINE THE THEORETICAL NRD (U)

(U} Using Figure 2-2a with N =£: :]and Ffa Gf[: :]the
theoretical NRD is [: ;]

STEP S. CORRECT NRD TO A 1 HERTZ NOISE BANDWIDTH

10 * logyg (Baff) :
10 * lﬂqlﬂ[ I
2-29
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STEP 6. DETERMINE THE SIGNAL ENERGY LOSSES (U)

(U) _, Because signal duration [? {;]ia greater than Tpip
there 1s ne signal energy loss due signal duration.
(U) Because the observation time[j. ;]is greater than Tyjip
E: - Jthere is no signal energy 1lo%s due to observation
ime. -

STEP 7. DETERMINE THE DEGRADATION FOR OPERATOR ASSURANCE (T)

PQ} Using Figure 2-3 and N equal to[ J(STEP 3) the degradation
Oor operator assurance is

STEP 8. DETERMINE IMPLEMENTATION LOSSES (U)

(U) Using Figure 2-8& for 4:1 ORing, a Pfa of I l

independent samples per display update rate (L. __
the ORing loss is['_' “Jthe nearest tenth of a dB.

Bgig = min [? ) -max [:

where,

p——

Frnaxsig
Frnaxband
Fminsig
Fminband

(U)  The width of the signal in bin spacings (X) is calculated as
follows: —

x =L

7
gl ]

Therefore, the sianal suppression loss associated with the
normalizer is{? :]fram Figure 2-15.

where,

STEP 9. DETERMINE THE AT-SEA DEGRADATION

*@6 The at-sea degradation 15'[:? I

STEP 10. DETERMINE OVERRESOLUTION LOSS

(U) Rreg = E j (

where, — |
Bgig = ’
Beff = 2_1

) Because Rygg

&%ﬁ

:cherresnlutimn loss equals:

o T

|
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STEP 1l1. CALCULATE NET OPERATIONAL NRD (U)

?ﬂ The operational PNE NRD is:

.
Theeretical HRD (STEP 4) : J
Noise Bandwidth Correction (STEP 5) e oF |
Signal Energy Losses (STEP 6) J
Signal Duration +: -
Observation Time +: J
Operator Assurance (STEP 7) +: H
Implementation Losses (STEP 8)
Analyzer Scalloping + 8 J
ORing +3 |
Normalizer 1 “
At—-sea Degradation (STEFP 9) +1
Overresolution Loss (STEP 10) + - J
Operational NED :
X [ _
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APPENDIX A (U)
Rational Foundation used to develop Operational PNB NRDs

(U} Thils appendix provides details and references for the step—
by-step procedure to derive operational PNB NRDs. Discussion is
keyed to the steps of the procedure.

NOTE: In order to have a common procedure for both
Gaussian and CW signals it is required to convert
Gaussian signal source levels to band levels.

STEP 1. DETERMINE ANALYZER EFFECTIVE NOISE BANDWIDTH (Bggs) AND
STATISTICAL BANDWIDTH (Bgtat) (U)

(U) The Bgrr factors given in the step-by-step procedure for the
common welghting schemes are from reference [1]. For a
non-rectangular filter, the factor should be computed. The noise
bandwidth formula that follows should be used:

"

Beff = [J{H(f}}2 af]/ [(Hpl?

where,
Beff = Equivalent noise bandwidth
H(f) = Frequency filter response function at any
frequency £
Hp = Maximum value of the frequency filter response

function

(U) The Bgtat factors given in the step-by-step procedure for
the common weighting schemes were computed based on the formula
helow.

Batat = [J{qu;}ﬁ df]zf[J{H{f}}4 af ]

where,
Bsta+ = Statistical Noise Bandwidth
H(f) = Frequency filter response function at any
frequency £

STEP 2. DETERMINE TIME (T) USED IN BT PRODUCT

(U) The time (T), for use in computing the BT product, is the
length of signal, with the following limitations. - The minimum
observable time is the greater of the single display point
internal averaging time (Tjpt), or the time between independent

samples (1/Beff) . The maximum is the minimum of signal length
(Tgig) , the maximum observable time on the display (Thist), Or an
externally entered maximum observation time (Topg) « Thus,

I'=max{ min[Tgig, Tobs, Thistl): Tmin!
Tmin = max{Tint, 1/Baff}

A=1
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STEP 3. DETERMINE EFFECTIVE NUMBER OF INDEPENDENT SAMPLES (N} (U)

(U) If a window and FFT are applied to nonoverlapping partitions
of a time sequence a significant portion of the series is ignored
due to the window’s exhibiting small values near the boundaries.
For instance, 1if the transform is being used to detect short
duration CW signals, the nonoverlapped analysis could miss the
event if it occurred near the boundaries. To avoid this loss of
data {(and increase the stability of the spectral estimation), the
transforms are usually applied to overlapped partition sequences.
The overlap is usually 50 percent or greater.

(U} In U.S5. Combat Systems, FFTs for all bands are processed
simultaneously. The lowest frequency band (finest fregquency
resolution) is usually processed at 50% overlap. Since the rate
at which samples are taken is proportional to the coarseness of
the fregquency resolution, the overlap becomes higher and higher
as frequency increases. For instance, if octave bands are
processed (bin widths also doubling), and *1f the lowest octave

band has 50% overlap, the next octave will have 75%, the next
27.5%, etc..

(U) By overlapping the ~partition seguences, the random
components 1in successive transforms become correlated. The
degree to which the successive transforms are correlated depends
on the fractional overlap and the type of window. For "good"

windows, transforms taken with a 50 percent overlap are
essentially independent.

(U) The effective number of samples in some references refer to
the overlap effect as a "loss" and others refer to it as a

"gain". This is due to whether the method fixes the number of
samples averaged ("loss") or fixes the time length ("gain") for a
given fractional overlap. This step-by-step procedure is based

on fixing the total time length and therefore overlap is treated
as a "gain".

(U) Fixing the number of samples- averaged reduces the effective
number of independent samples due to the inerease in correlation
between samples as the overlap is increased.

(U) Fixing the time length for which N .samples are taken allows
a larger number of samples to be averaged as the overlap is
increased. However, there is a point at which the additional
Samples do not provide any more additional effective samples (for
most "good" windows this usually occurs at fractional overlaps of

20 to 75 percent) as the number of Samples averaged become highly
correlated.

(U} Reference [h] provides equations to determine correlation
coefficients and the degree of variance reduction. Reference [7j]
provides the time weighting schemes for various data windows used
for calculating sample correlations.

A—2
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(U} Figure A-1 presents the overlap factors for various
welghting schemes and percentages of FFT overlap.

FFT Overlap Factors
for
Several Weighting Schemes

1.3 | — ——

i |
12 b
WEIGHTING SCHEMES
1.1
; — s o Rectangle
1.0 ,/I',,__v'—"_"'_r ——
0.9 |_e— _———— S = E B Fejer (Trlangle)
. — _.—— = T R—
O r"_,_,-o— ] o - 1
T 08— o o " Hamming
1] s | L1% i
3 a7 Aﬁﬁﬁﬁiﬁﬁw = - L —a
' al -
- - P Hanning
0.8 =1 .

0.5 | ———=" — = - - S
” = Kaiser-Bessal
I _.i_—_':. —_— -

0.4 =

0.3

1}2 i L B I 4 1 r N .. ,
0 10 20 a0 40 i &0 T 8o . 80 100

Percentage of FFT Overlap

Figure A-1.

UNCLASSIFIED

STEP 4. DETERMINE THE THEORETICAL NRD (U)

(U) For CW signals, Figure gy provides NRDs referenced to SNR
in the filter band versus the number of independent samples (N),
extracted from reference [d]. ' -

(U) Reference [a] based NRDs on Robertson’s curves (reference
(e]), this wversion of the procedure uses Nuttall’s  calculations
(reference [d]) to allow determination of NRDs for larger number =~
of independent samples (greater than 1000).

(U) Figure A-2 presents the differences in theoretical NRDs
between Nuttall’s calculations versus Robertson’s calculations.
Figure A-2 shows that the differences are very small between the
two methods. Nuttall’s work is based upon evaluation of the

A-3
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MRD Difference (dB)

NRD Differences between Nuttall and Robertson
Theoretical Calculations

U L L L L B

e e e e e o

=k

Tha NRDO Di#ference wes calculsind ne
Muflall's MRDa minue Rokadzan's MNEDS

= il = = o

10~ -8
______
. . E |
— q_\-\--h - -
& = - - Y S - . 10°7
-"--.r- "'-\._\i —_————
|}
|}
2
o
M
L I | TR S S T I 1 e 1 I T T T 3 L1 a1 1 3 oul
2 4 B 15 L B4 128 ] - 1028

Number of Independent Samples (N)

Fumtall’s MRDs from MUSC TR 7117 Jan 1984,
Fobenson's NACs from Bell System Tech. Joumal

Apnl 15957, Pg 735-T74
Figure 2A-2,

characteristic function of the envelope detector output,
which the

UNCLASSIFIED

from

exceedance distribution precisely

function can be

evaluated numerically, whereas, Robertson used an approach based
upon evaluation of the first 31 moments of the envelope variate

and their use in a type A Gram-Charlier series approximation, or

in modified approximations
terms in the series,

(U)

For Gaussian signals,
SNR in the filter band versus the effective number of

involving averages over different

Figure 2-2 provides NRDs references to
independent

samples, (N), extracted from reference [c].

(1)

a)

D)

As shown in reference [c],
than 1000)

for large sample sizes (greater
the NRDs were determined by the following steps:

Compute the effective number of

independent samples (N)
as defined in step 3.

Look up dt as a function of probability of false alarm
(Pfa) in table A-1 (from reference [c] Table 1).
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Determine dt for a given Pfa
Pfa 10”3 10~4 1078 | 10-6 10~/
dt 4.90 5.70 6.30 6.77 7.16
UNCLASSIFIED

Table A-1 (U). NRD dt Values (U)

¢) Compute NRD using the following formula:
NRD = dt - 5 * logqp(N)

(U) The steps outlined above are based on a random variable z
(defined as a multiple of a chi-sguare variate with 2N degrees of
freedom) being approximated by a Gaussian random variable for
large number of independegt samples (N). Maximum error is 0.23
dB at N = 1000, Pfa = 10 ‘' and decreases with increasing sample
size. Figure 2-2b uses the Caussian approximation for N greater
then 1000. Figure A-3 presents the differences in NRD between
the chi-square ("exact") probability density function and the
Gaussian ("approximate") probability density function for several
Pfas and N=1000. It should be noted that this procedure is only
valid for Probability of detection egqual to 50 percent.

STEP 5. CORRECT NRD TO A ONE HERTZ NOISE BANDWIDTH (U)

The NRDs are converted from SNR in the processor band to a
1 Hz band by adding a bandwidth correction (10 * logip(Bafs) ) -

STEP 6. DETERMINE THE SIGNAL ENERGY LOSSES (U)

(U) If the signal exists for less than a single independent time
interval on the display, then it accumulates proportionally less
energy than does noise, which exists continuously. The signal to
nolse power ratio required is raised by the amount by which
signal energy is lowered.

- 10 * lﬂglngsingmin}F Tgig < Tmin

(U) Since the signal’s power is expressed as a single power over
all frequency, it does not accumulate over power spectral density
(or, equivalently, the accumulation has already been done).
Thus, any losses in signal energy across frequency are already

taken. Therefore, there is no basis for assessing an energy loss
in frequency.

(U) If the observation time is less than a single independent
display  interval on the display, then it accumulates
proportionally less signal energy. The signal to noise power

ratio required is raised by the amount by which the signal energy
is lowered

= 10 * logig (Tops/Tmin) i Tobs < Thin
A-5
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Theoretical NRD Differences
between Exact and Approximate PDFs
.25 —
= ____-d—"__d_'
- "_-._f—'_'_'_
T o |
!
E |
£
O K
o fffff \
(1 0,15 = -
= | fff” \
0.10 ' - 1 . !
3 4 -5 4 -7
Probability of False Alarm (10 n)
C#ferences wera determined by 1aking the
"Boproximate” MADs minus the "exact” MR Uging
a =ampe s@e (W) of 1000,
Figure A-3,
UNCLASSIFIED

STEP 7. DETERMINE THE DEGRADATION FOR OPERATOR ASSURANCE (U)

T# Operator assurance represents the additional probability of
detection above the 0.5 wvalue, required by the PNB search ,
operator before "calling" a detection o
'Eimpared with CW signals, Gaussian slgnals reguire much more \
~additional signal to noise ratio at low BT products than at high,
iFiqure 2-3 1is a plot
of the average difference between 50% an 90% NRDs for Pfa’s of
1073, 1074, 1075, 107, and 10~7, for a Gaussian signal.

STEP 8. DETERMINE IMPLEMENTATION LOSSEsS (U)

(U} Implementation losses represent the losses associated with
design tradeoffs concerning constraints in technology, space,
weight, complexity, and cost. They consist of such things as (1)
analyzer scalloping loss, (2) ORing loss due to decimating data
by choosing the largest value from among a group of adjacent
frequency bins or acoustic beams and (3) losses from other
compromises such as internal and digitization noise, and bin

A=5
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output normalization schemes. The most prevalent sources of
degradation are analyzer scalloping, ORing loss, and
Normalization loss. There will be no degradation assessed for

the other compromises.

Analyzer Scalloping Loss - Analyzer scalloping losses are

assoclated with misalignment of the incoming signal with the
center of the bin, which is the most sensitive portion. The

detection will appear with equal probability anywhere within the
bin’s frequency response.

Scallnpinq
loss is-the average loss in frequency. =

(U) Gaussian and CW signals are effected by scalloping loss.
The loss should based on the ratioc of signal bandwidth to
binwidth and is a function of the welghting scheme. The
calculation of scalloping loss reguires the solving of integrals.
It is planned to implement this calculation in the PC NRD
procedure. The next version of this procedure will attempt to
address this loss in detail. Until the time scalloping loss is
investigated, apply scalloping loss to CW signals and not to
Gaussian signals. Typically CW signals are much narrower than
Gaussian signals.

(U) Frequency bin scalloping is a loss in NRD, and is included
in this procedure. Bean scalloping loss, on the other hand, is
an expected loss to SNR at the analyzer input. Beanm scalloping
loss 1is handled as a separate "adJjustment to SNR" and is not
included in this procedure.

? ORing Loss - ORing consists DfL ‘
F

integration or display.

(U} Acoustic signal processing systems generate large guantities
of data which are displayed on a display surface where visual

detections can be made. Often the display surface is not large
enough to display all the data simultanecusly. Consequently,
ORing operation is performed to reduce the amount of data. An

N:1 ORing operation merely takes the largest value of N-adjacent
values (bins or beams). Since the standard duration of the noise
is higher and the threshold must be raised to maintain the same
Pfa, the minimum detection level must increase, so a larger
signal-to-noise ratio target is required. This loss in detection
capability is known as ORing loss.
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(U) The ORing loss curves provided in this report apply to both
continuous Wave (CW) and Gaussian signals in Gaussian noise. The
difference in ORing loss for the two signal types is negligible
(on the order of a hundredth of a dB difference). Figure A-5
pPresents ORing Loss differences between Gaussian signals and CwW
signals for various ORing ratios and independent sample sizes for
a probability of false alarm of 10”2,
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UNCLASSIFIED

(U) Normalization Loss = A series of in-plant measurement have
occurred to quantify overresolution and normalization losses
assoclated with LOFARgram processing.

EEE The first measurements of overresolution loss are documented
n reference [k]. Overresolution loss was measured to start when
the signal bandwidth wasr_ : —
' h;] Processor
resolution is the same as effective noise bandwidth:™ The first
quantification of normalization loss was based on a theoretical
analysis (reference [1]). Normalization loss was quantified for
4 generic normalization scheme that contained a "dead zone".
Normalization loss was calculated for the _‘:I
normalization scheme. Normalization for e%
l . 1The overresolution and
normalization characterizations were Trcorporated into reference
[m] with the exception that a theoretical variatic:nL J

was used
_Joverresolution loss against Gaussian signals was assumed
to start as soon as the signal wasi{~ ' :F
P_'
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[: " :]The normalization loss was applied equally against
CW and Gausslan signals.

measuremgnts were conducted the
results of which were reportdd in reference [n]. The resulfs of
the testing against a CW signal agreed with the normalization and
overresolution losses contained in the procedure in reference fml

al

Eifh.the one limitatiﬂnE:

iy second set of zverresnlutimn and normalization

- ' _:]Against a I
aussian signal, there were two deviations from the Procedure in
reference [m]. Normalization loss[ .
deviated considerably[ H:] |

_jﬂverr95nlutimn against Gaussian siqnélé
started at 2 times tHe effective noise bandwidth. The results of

this testing were incorporated into a revised NRD procedure
(reference [o0]). -

g#} Additional in-plant testing of LOFARgram normalization and .
verresolution losses occurred in April 1991 and again in Qctober {
1992 [ | ., JThe
results of the testing are provided in the addendum to reference
[£]. A meeting was held (reference [(pP]) that agreed to the
characterizations of the measured losses. Overresolution loss
against CW and Gaussian signals should be modeled as starting at
2 times the effective noise bandwidth. The loss should he a 5
log function up to a ratio of signal bandwidth to analyzer bin
spacing of 10. Above the ratio of 10, the overresolution loss
should be modeled as a 10 log function. The deviation from the 5
log characterization for overresolution loss at ratios above 10

—

" ¥ h_l_

[:; Normalization loss should be modeled as the
alrrerence between—overresolution loss and measured data. |

normalization loss against CW and Gaussian signals is shown in

ST Tl

. ——

(U)  The bandwidth of the signal wused in determining
normalization and overresolution loss should be based on the
width of the displayed signal. This same bandwidth should also

A-10
L vWAHE HETE A
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be used as the basis for adjusting a Gaussian source level to a
band level.

STEP 9. DETERMINE THE AT-SEA DEGRADATION (U)

éﬁ When at-sea NRD measurements are made, there is a difference
etween expected and observed values. Since this loss represents
a2 number of factors J

. these losses are grouped together and referred to as
"at-sea losses". They [ ' '

B

?:D Reference [g] provides the initial source for at-sea loss,

n - - --__
%‘,Eﬂ A recent recalculation of at-sea loss resulted in a slight
ev

isicmg J

STEP 10. DETERMINE OVERRESOLUTION LOSS (U)

1{/@? When the received signal has a bandwidth larger than the
esolution of the analyzer in which it is processed, some of the

signal’s power is lost to the analyzer. The resultant loss of
detectability of signal is called overresolution loss. Reference
(U] provided standards for overresclution loss [~ ;J
. JThe 1loss [ ' . was furthe
efined by reference [V). Overresolution loss™ was further
refined when normalization measurements were made (reference [f])
j: TIThis latest
set_of measurements indicate aj— ]
Above the[” _Jthe overresolution loss should be
modeled as aﬁ
I
| —
A-11
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DEPARTMENT OF THE NAVY

HAVAL UMDERSEA WARFARE CEMTER DIVISION
1176 HOWELL STREET
HEWPOAT RI 02841-1708

IN FEPLY BEFEA TO:
BT720
Ser 800BC(PA)/74

My, John Greenewald, Jr.
8512 Newcastle Avenue
Northridge, CA 91325

Dear Mr. Greenewald:

This is in response to your Freedom of Information Request dated 09
May 1998 for a copy of the Naval Undersea Warfare Center Division, Newport
(NUWC) Technical Document 10419, dated 02 July 1993,

The document you have requested is classified, and not releasable in its
present form.,

You may request that the document be reviewed, and classified portions
removed You may find however, that the resultant document will be of no use
to you because 1t will not fully cover the information that you seek.

At your earliest convenience, please advise me if you want us to proceed
with the review and release, or whether you wish to withdraw your request.
To date, there are no fees associated with your request.

To expedite matters, please feel free to contact me by phone at (401) 832-
3611, or e-mail at steigerwald@npt.nuwe.navy.mil with your decision..

Sincerely,

£} v

Public Affairs Officer
By direction of
the Commander



steigerwald@npt.nuw, Ser 800BC(PA) /74

To: steigerwald@npt.nuwc.navy.mil

From: "John Greenewald, Jr." <greeney@primenet.com>

Bubject: Ser B00BC(PR) /T4

Cc:

Beo:

Attached:

Dear Mr Stelgerwald,

This is in response to your letter undated, postmarked Jume 16, 1998, with the serial above.

I please respectfully request that the document be reviewed and classified portions be
BLACEKED OUT, and the document then =sent back to me.

Thank you wery much for yvour time, and I lock forward to your response.
Sinceraly,

John Greenewald, Jr.

Printed for "John Greenewald, Jr." <greeneyfiprimenet.com>
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HAVAL UNDERSEA WARFARE CENTER DIVISION
1176 HOWELL STREET
HEWPORT Al 02841-1706

IN REPLY REFER TS

5720
Ser 800BC(PA)YE3

30 JUL 1998

Mr. John Greenewald, Jr.
8512 Newcastle Avenue
Northridge, CA 91325

Dear Mr. Greenewald:

This is in response to your Freedom of Information (FOIA) request dated 09
May 1998 in which you request a copy of the Naval Undersea Warfare Center
Division , Newport (NUWC) Technical Document 10419 dated 02 July 1993. The
requested document was located, but sections of the document are believed to be
exempt from mandatory disclosure under (b)(1) of the FOIA. Specifically, the records
contain information the release of which may be construed as causing a threat to
national security..

Insofar as the Naval Undersea Warfare Center Division, Newport does not

have denial authority, this document has been forwarded to Headquarters, Naval Sea
oystems Command for a release determination and direct response to you.

If you have any questions, feel free to contact me at (401) 832-3611.

irs Officer
By direction of
the commander



DEPARTMENT OF THE NAVY

MAVAL SEA SYSTEMS COMMAND
2531 JEFFERSON DAVIS HWY
ARLINGTON WA 22242-5160

5720
Ser (0ST33C/88-622

0CT 30 1898

Mr. John Greenewald, Jr.
8512 Newcastle Avenue
Northridge, CA 981325

Dear Mr. Greenewald:

This 1s a final response to your May 9, 1993, Freedom of
Information Act (FOIA) request for a copy of the document
entitled, “Procedure to Derive Submarine Sonar Operaticnal PNB
NRDs Against Continucus Wave and Gaussian Signals.” You
addressed vyour request to the Naval Undersea Warfare Center
(NUWC) , New London, Connecticut. In an electronic mail response
to Mr. Steigerwald of NUWC, you indicated that vou would accept
the documents, minus the porticns that are considered
classified.

NUWC referred the responsive document to us for review and
direct response to you. We reviewed the document and removed
all portions that are considered classified, as this information
is likely exempt from public disclosure pursuant to FOIA
subsection (k) (1).

This is not a denial of information under the FOIA, as you
agreed to accept clearly releasable portions of the document.

Fees assoclated with processing your request are minimal
and have therefore been waived. However, I consider fee waivers
on a case-by-case basis and you may be charged fees on future
requests.

Please contact Ms. Stephanie L. Carr if you have any
questions about the processing of your regquest.

Sincerely,

Gl flae

Head, Freedom of Information
And Privacy Program Divisicn
By Direction of the Commander



