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~~~ In general, the broadband continuum noise background
consists of either self noise , shipping noise , or ambient noise or

combinations thereof. In any case the spectrum of this noise will

not be flat , moreover the slope of the spectrum may he highly

~~~ variable depending ~n the source of Liie noise and the ian~~e of

~~~ frequencies being considered. This co~~~ tj~&i&unciesirah1e from
a broadband detection point of view, but from a narrowband

detection standpoint it is an intolerable situat  ion if ~~~~~~~~~~~
That thi s is so can be seen readily by observing the spec tral

I~~~~~~~ representat~o~i in tig . 1.
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This figure depicts a situation where a na~~~ gb~nd signal with a
considerably large signal-to-noise ratio would , with high prob-

ability, go_undetected because of a non uniform power distribution 

in frequ~n.cy. If an OR-Gate were employed , this loss in detect-
ability would result from capture of the OR-Gate by the frequency
analyzer channels in the neighborhood of the frequency that
coincides to the maximum in the power spectral density function .

This situation can be rectified by no~iti~lizing the~~pectrum

analyzer ~hannel waveforms either before or after envelope detection

has 0cc Since we are constrained to work with a hybrid

spectrum analyzer which does not perform normalization prior to

detection, it is necessary to normalize the data after detection.
The means by which this is being accomplished is described in the

remainder of this note.

• PAST DETECTION NORMALIZATION

One of the primary objectives of any normalization

scheme is to make the probability of exceeding the threshold

independent of frequency . This may be referred to as holding the

single channel false alarm probability constant. If we assume in

the presence of noise alone (excluding self noise lines) thaL the

spectrum analyzer channel outputs are Rayleigh distributed , then

the single channel false alarm probability is given by

x 2Gn
2

~ FA J —~~e dx . (1)

T n

Now it is clear that this probability depends on only one parameter,
namely a~

2. However , this parameter is the noise power in the

bandwidth of the analysis filter and hence may be a function of
frequency. There is a way around this , however , since the mean
standard deviation , and mean square of x are related to a~

2 b

y2



- -

6500 TRACOR LANE , AUSTIN , TEXAS 78721

~~~
= (2)

(3)

E[x2] = 2a~
2

Now suppose that we estimate E[x2] = P
~ 

by means of the following

statistic ,

~~~~~~ i~ l~~~
A

and divide each sample of x by P~ , then since

E[P
~

] = P
~

we would have a new random variable; y, given by

y =  
M 

(4)

which for large M would have a Rayleigh density function with a

mean square value of unity. If the mean square of y is unity,
then the parameter in the distribution function of y would be 1/2

instead of %
2, thus

2

~FA = $ 2y e~~
’ dy . (5)

T 3
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This equation is independent .of the parameter ~~~ and is thus not

dependent on the noise power at the input to the detector -- hence
the system is normalized.

Now let us examine exactly how this normalization is
being accomplished in the computer. The output of the spectrum

analyzer is digitized and entered into the computer via digital
tape in a form which is most conveniently represented as a matrix

X .

In the time interval [ti, tL] x has a form

X11 ~12 X 1L

X21

- X =

XN1 XNL

where each of the X
jj 

correspond to the output of the ~~~ frequency
channel at the t~ instant of time .

To normalize the matrix x we define an operation such

that

~Lj = XLj ‘~~Lj

where

L j-S. j+S.+J 
-

~Lj = 

~~~ ~ 
+

i L S 1 J ’ J S
J
J 3

# 3+SJ

4
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• S~ = number of frequency samples adjacent to the ~th

sample that are skipped

J = number of samp les that are used in one frequency
window

Si = number of time samples that are used in the timewindow.

Presently, a total of ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ P~~ ~o
that it is possible ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
within ~ 1 dB after  transient effects have died away.

The width of the no rinali ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
domain is presently ~ Hz on either side of the sample being
normalized. This means that only non-stationarities that are wider
than this will be normalized. Similarly, in the time domain the
normalizing windows are 9 seconds in durati.~~~ As a result we
expect to get temporal normalization only for those waveforms that
exhibit non-stationarities greater than approximately 9 seconds in
duration .

The normalizer has been checked out using an array of
numbers with a non-zero slope in both the time a frequency domains
and it was found to produce an array of numbers all of which are
constant except for those -around the edges of the matrix. Presently,
we are preparing to check the normalizer out using sea data.

5 
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TRACOR Project 002 135 01 . 12 December 1969

ANALYSIS OF THE SIMPLE OR-GATING DATA REDUCTION TECHNIQUE

Introduction

- 
It is worthwhile to develop theoretical expressions for

the false alarm and detection probabilities of the data reduction
technique known as OR-Gating or the ~~~~imum-nf~~rr~terLon. With
the expressions in hand, it will be possible to predic t the
performance of this processing scheme so that comparisons can be
made not only with experimental results obtained using the OR-Gate,
but also with the performance of other data reduction techniques.
It is the purpose of this paper to develop such theoretical

expressions.

Analysis

The function of the OR-Gate is to examine N (virtually)
simultaneous spectrum analyzer output samples and then to select
(gate) the maximum . Symbolically, if we denote the OR-Gate output
at time t~ by y (t

i
) = y

~
, we have

= max i = 1, 2, ..., N .  (1)

In order to predict false alarm and detection probabilities we

must compute the probability that y exceeds a threshold T when

noise alone is present and when signal-plus-noise is present. To
do this we proceed as follows . The distribution function of

y, F~ (Y)~ is given by

0’~

L

1

— — • - ~~ - -— -~~~ • -~~~~ — —— - - - — — --~~ —~~~
- • - ——

~~
— 

~~~~
—- —-- 

~~~~~~~~~~ -— --—
~~~

—
~~~~
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F~~(Y) = PrEy < Y] ,

but

y = max (x1), i = 1 , 2 , . . .N,

so that 
-

F (Y) = Pr[max [x.) < YJ . -

Now if the maximum of the set £x~} is less than Y, it follows that
all elements of the set are less than Y, hence

• 
F~ (Y) = Pr[x1 < Y , x2 < Y , ... X N < Y J .  -

If the x~ are independent , which we assume here , then

F~(Y) = Pr[x1 < YJ ‘ PrEx2 < YJ 
~~~“‘ Pr[xN <Y J ,

but by definition the distribution function of x, F~
(X) is given by

- F
~

(X) = Pr[x < X].

Thus,

N
F (Y) ~ F (Y) .

i=l Xj

If all of the x~ are identically distributed , which they will be
in the absence of signal, and if the continuum noise is uniformly
distributed (same distribution form) in frequency, and if the
normalizer performs properly, then

2 
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F~ (Y)~ = F~
N (Y)~~. (2)

If one of the channels contains signal plus noise, then F~ (Y)
becomes ,

Fy (Y) s+n = FX
N
~~ (Y)~ Fx (Y) x+ri • -

The probability of false alarm is given by, -

~FA = 1 - F~ (T)~ 
-

(4)
- 

N= l _ F
~~
(T)

~~
,

while the detection probability is given by

= 1 - Fy (T)
~~n

= 1 - F~
N
~~(T)~ F (T) + .  

(5)

If we define an elementary (single channel) probability of false

alarm by -

= 1 - F (T) , (6)

and similarly a single channel probability of detection by

PD = I - F
~

(T)
~+~

, (7)

then by substituting Eqs. (4) and (5) we get - i 
-

3 - 
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‘N- 

~FA 
= - (1 

~FA~ ~ 
(8)

and

~D = 1 (1 - 

~;A~ 
(1 - 

~~~ 
(9)

These equations reveal that the c1et~ction and false alarm
probabilities at the output of the OR-Gate can be expressed in

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~t tb~ input tn Jthe~Q&.Q.~~~
Specifically, the probability of exceeding the threshold , T, -at
the output of the OR-Gate is given by the probability that at -

least one of the channels exceeds the same threshold at the input
to the OR-Gate . Thus, if we can specify the density or distribu-
tion at the output of the analyzer channels, we can get the
required probabilities of false alarm and detection .

When noise alone is present and when an envelope
detector is used, we have as the density function of x,

- 
_ ___

p(x)=—~~~e ,

an

where

o~
2 

= noise power in each analyzer channel .

2
Thus , - 

X

2a Hn dx,
T an

‘ which is 2. — T /20

~FA e (10)

4
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• When signal plus noise is present in the channel , we ge t for

- _ _ _ _

2 a  + 0 -
P 
_ _ _ _ _ _  

S fl
P~~= j  .~ —~~ e dx.

a + aT s n

This assumes that the signal is a narrowband Gaussian process with

power ~~~~~

Letting ,

y = .&&, 

- 

- 

-

gives

= $ ~~~ e dy (11)

T/cin

where 
-

a 2

a .  —
~~
-

~~ , the signal-to-noise ratio.

Equation (11) can be integr a ted by letting W = (l+a) , thus

- 
_T2__-~ (12)

2a (l+a)
PD = e  .

*This is a reasonable assumption when one considers the effec ts of
the ocean channel .  That is, a pure tone origina ting at a source
will undoubtl y su f fet  considerable fading due to nLulti path e f f ec t s
and will resul t in a received signal that is the superposition of
many “tones ” which have rand om amp li tudes and pha ses wi th correla-
tion time comparable to reciprocal bandwidth .

5

•-

~

-- - -——-

~

-__



r~ ~~~~~~~~~

-- - - 

~~

— - - -- - . 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

•- - --• -

~~~~~~~~~~~~~~~~~~~~~ TRACO R LANE . AUSTIN , ILXAS 78721

By defining a normalized threshold ,

2

2a~
2

Equations (10) and (12) become

= e~
T 

- 
(13)

= ~~~~~~~~~~~ (14)

• Using Eqs. (13) and (14) we can get the required false alarm and

detection probabilities , thus

‘N

~FA = 1 - (1 - e~T ) (15)

= 1 - (1 - e_T ) (1 - e T’R1+
~~). (16)

With Eqs. (15) and (16) it .is possible to- com~uta~~Qcc~~y~es for
the simple OR-r~at~~~ s~a, fac tion pLth~~ sig j.-~ o-noise rati~~ a.
These curves may be used for corni~~rison with ç~~p~~~~~~ntal  res .ults

as well as for comparing different data reduction techniques.

6
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ANALYSiS OF THE MAXIMUM LiKELIHOOD

RATIO DATA REDUCTION CRITERION

INTRODUCTION -

The maximum l ikelihood technique for deciding which
spectrum analyzer channe1 . js mos t Likcly. to contain a tar~ ct

spectral line is based on computing the l ikelihood ratio of the

data at the output of each channel of the spectrum analyzer and
then subjecting the set of all such likelihood ratios to an OR-
Gate.  That is, the output , y(t), of such a system is given by

y(t) = max (L~ [x~(t)J) , (1)

where -

j  = 1, 2, ... , N = the spectrum analyzer channel
number , and

x~(t) = the time f un c t i on  at the output  of the ~th

sp ec trum analyz er channel.

P X~ s- t nL1(x~) = ‘ p~x .)  ‘ 
(
~

)

where
p5+~

(x
~
) = probability densi ty function of the ~th

spect rum ana l yzer channel when signal p lus
noise is present at its outpu t , ar d

p(x1) 
•-  prohabili~ y density function of the ~th

spec trum analyzer channel, output.

There are two interpretations tha t can be placed on the likelihood

ratio, the first of which is that it is the likelihood ratio for

single output  sample.;. The second interpretation is that L(x)

is a joint lik eli hood rat io obtained by opera t ing  on successive

1
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outputs of each analyzer chapnei . It is the purpose of this  note
to examine thcse~~ T1~~e impienientations and the consequences of

each.

SINGLE SAMPLE LIKELIHOOD RATIO

In ordr r to establish this likelihood ratio it is neces-

sary to first determine the form of the two required density func-
tions , p(x)

~+~ 
and p (x)n• The function P(X)n will be a Rayleigh

densi ty  function if the sp ectrum anal yz er output  detector  is an
envelope detector and if the analysis filter output is Gaussian.
Both of these conditions are reasonable; the first because of

practical considerations and the second because of physical con-

siderations. The Rayleigh density function is given by

-x 2a
p (x)~ ~~~~~ 

e (3)

where
an
2 

the noise power level at the input to the detector , -:

i.e., in the bandwidth of the analysis filter.

To obtain the density of the detector output in the presence of

signal plus noise it is necessary to first define what is meant
by signal. The most reasonable model for a narrowband signal is

that of a narrowband Gaussian process. This is true because of
the multipath effects that will be experienced by tone-like sig-
nals in trave l ing  from the source to the receiver. Thus the input

to the envelope detector can be modeled by the sum of two Gaussian

process es , one (the signal) with power ~~~ and the other (the noise)
wi th powe r ~~2. This means that the envelope detector output is
des cribed by another Rayleigh density function , i.e.,

2 2 2-x /2 (c~ ±o )
p ( x ) 5~~ = 

a 2 
~~

2 e S fl (4)

2 

— • _
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The likelihood rat~io is given by the ratio of Eqs. (4)
and (3) ,  thus

L(x)  2 2 e , (5)
a8 + a ~

Since the logarithm is a monotonic function , we can jus t as easily
consider the logarithm of the likelihood ratio , i . e . ,

~ log~L(x)

= C 1x
2 + C 2 , (6)

where
— 

a — aC1~~~~~~7 2 2 ’a~ (1 +a) a8 +an

C2 
= log~(~ ~ 

, and

2

a = —iL,~- = the pro-detector signal-to-noise ratio , this
is a so-called design signal-to-noise ratio.

Some interesting observations can be made concerning

Eq. (6). First, in order to compute .t.(x) we have to know or

estimate bo th the noise power an
2 and the signal- to-noise ratio ,

a. This means that we would have to desi gn for some minimum value
of “a” and estimate a~

2
, the la t ter  being a s imple job if the

normalization is done properly. Second , it is clear that  ~ (x)
is a monotonic function of x and thus if the ~th channel output,
x~ , is the maximum of all  the frequency channels , then it follows
that L1(x

~~
) will also be the maximum over all the likelihood rat ios

3
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• of the channel outputs.  That is to say , if t1~e ~th channe l is
chosen by a simp le OR- Cating of the frequency analyzer channe l
outpu ts , then the 1th channel will also exhibit the maximum like-
lihood ra tio and will thus be chosen again. The nex t ques tion to
be cons idered is whe ther this maximum lik-~l.i hood ratio technique
will give the same probabili ty of detection for equal probabili ty
of false alarm. To investigate this we proceed as follows .

Let the output of each frequency ana lyzer channel be
dist r ibuted acco rding to Eq. (3) in the presence of noise a lone
and according to Eq. (4) in the presence of si gnal plus noise.
Let the false alarm probability be given by the probabili ty tha t
the output of the OR-Gate exceeds a threshold T. That is ,

~FA 
1 - F~(T) , (7)

where

F~(T) ~r~~
’ < T)

y = max [x1(t)J.

The distribution function of y is given by

F~(T) = F~
N(T) , (8)

where

F
~
(T) Pr(X < T) = distribution function of each of the

identically dis tribu ted xi’s.

We note that

F
~
(T) 1 - Pr(X > T)

= 1 -  
~FA (9)

4 



_____________________________________ -_ -~ ______________________________

• 
6500 TRACOR LANE. AUSTIN, TEXAS 78721

where

~FA 
= probability of false alarm in each spectrum

anal yzer channel.

Subs tituting Eqs. (9) and (8) into Eq. (7),we get . • -

~FA 
= 1 - - 

~FA~ - 

(10)

This equation measures the probabil i ty that at least one of the
channel outputs exceeds the threshold T. What has been shown is

that we can predict performance at the output of the OR-Gate by

performing the analysis at the input to the OR-Gate. This approach

agrees with our intuitive reasoning if we interpret the problem as

one of thresholding before OR-Gating.

Substituting Eq. (3) into Eq. (10) we get

2 2-x /2a N
~FA = 1 - (1 - ST~~~ 

e ~ dx) (11)

for an explicit form of the false alarm probabil i ty.

The integral in Eq. (11) can be evaluated easily and i.s
given by

2 2 2 2-x /2a -T /2cy

ST —Z e ~ d x e  n (12)

Thus Eq. (11) becomes

-T2 /2a 2 
N

• 
. PFA

1 _ ( l _ e  fl
) (13)

5
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The detection p rob~tbi lity ,  
~D’ is given by the p robab i l i t y

that when a signal is pres ent in one of the channels , that the OR-
Gate output will exceed the threshold T. That is ,

- 
1’D = 1 - (1 - - P~) , (14)

where 
- 

-x 2 / [ 2 (a  2~~ 2 )]
= h 2~ 2 

s n dx . (15)
a5 + a ~ -

But f rom the p receeding agreemen ts we have -

-T 2 / [ 2(o 2~~ 2 )]
. 

P~~~= e  S (16)

Substi tuting Eqs. (16) and (12) into Eq. (15) gives ,

- -T2 /2a 2 
1 -T 2 / [2(a 2~~ 2 )]

PD 1 _ ( l _ e ~~ ) (l - e S fl ) .(17)

We have thus expressed the false alarm probability and detection

— probability for the case where the spectrum analyzer output is
directly d riving the OR- Gate . What mus t be done next is to show
that when the single sample likelihood ratio is emp loyed , the
probabili ty of detection is the same as that given by Eq. (17)
when the false alarm probability is the same .

If in forming the logarithm of the likelihood ratio x

is mapped according to Eq. (6), then the prob ability dens ity func-
tion of the new random variable , z = ‘~.(x) = C1x2 + C2 ,  is given by

p(z) p(x)~~~, with x ~~~~~~~~~~~~~~~~~~~ 
.

6 
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Since

dz = 2C1xdx , ~~ = 

2c1\/~~~~
2

or

• dx .... 1
dz f~~~~~’2C 1V  

~~1

_

and given

-x2 /2a 2
p ( x ) = - ~2i~~e ~1

we get for p ( z ) ,

1 -z-C 2 /2C 1a 2
p(z) —y e . • -:

2C1a~

The probability of false alarm, 
~FA1, for this case is

~. 
-z-C2/2C1a N

1
~FA1 ” (1_ ST . z e dz)

1 LC1o~

or in simplified form

2 2C2I2C 1Y -T1/2C1a

~FAl~~~~~~’ ( l - e  e fl
) . (18)

7 .
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By similar reasoning we can .show that the detection probability

• ~ Dl is given by

Dl - - FA1

— - 

(1 r 1
- 

T1 2C1(a8
2 
+ a~5 

e 
- 

.

or

• ~~2~
’2Cian -T1/2C 1a~

2 
N-ie )

(19)

(1 - e~~ 2 2C1 ~2 
n

2
~~ e

_ T
1 2C1 8~~~~~fl

Equations (17) and (19) give the required probabilities
of detection as functions of the probabilities of false alarm , so
that what remains - to be shown is that for equal false alarm p rob-
abilities we get equal detection probabilities.

If 
~FA = 

~FA1’ this means that , using Eqs . (13) and (18)

• a — ____

2C a- i n

or that in order for our assertion to hold it mus t be true that

8
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-T2 / [ 2 (a  2~~~ 2 )]. - (T 1-C 2 ) / [ 2 C 1(a 2+a 2 )]
e S fl S fl 

, (20)

or that

21
2(a5

1 + a~
2 — 

2C1(a 5
2 + an

2 ) ‘ 

• 

(

under the condition -

T2 
_ _ _ _

2a 2 C an i n

which reduces to

~~ T - C ~,
TL = 1 (22)

Ci

Substituting the r ight hand side of Eq. (22) for T2 in Eq. (21)
and simpl i fying gives

- 
T
1 - 

C2 
- T

1 - 
C2

1

which proves the assertion.

What we have demons trated is the rather intuitively
obvious fact that by ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
put of the spectrum analyzer channels, the probability of d~ tec- 

~~~~~~~~~~~~~~~~~~~~~~~
-- 

~~~~~~~~~~~~~~
• - ---- - - -  -.

- tion for a given false alarm prpb~biltty is not changed ,~ Thu s
it may be concluded that there is nothing to be gained b yp ~-
forming such an operation. 

- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ . 
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JOINT LIKELI II OOJ) RAT IO

If we make the same as su m p tio n s conce rning the t arge t

signal and background noise , i.e., that they are Gaussian processes ,
then it  is possible to compute the joint log likelihood ra tio for

the output  o f each analyzer channel.  The joint  likelihood ratio
f or M independent ~th analyzer channel outpu t s is given by

p ( x .)  +L(,~~~) = p(x~~) ’  
- 

- (23)

where

xi = [x
1(t 1) ,  x~~(t

2) ,  ..., x~~(t ~~) ]

p ~~
) 
~~n 

= p (x~1) X±n 
p (x~~2) 

~~~n p (XM) s+n

p ( x )  = p(x j l)np(s j 2 )n 
. . .  p(x j M)

fl

That is , Eq. (23) can be expressed as

— 

p(x 1i )
5+~ 

p(x 12 ) 5÷~ 
_________L~~~~ ) — p(x

~~i
)
~~ ~~~~ ~

• p(x th )
fl

If we take the logarithm of the above equation and use the earlier
= log~ L ( x) ,  we get

= 
~~(x& 

. (24)

10
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Recalling from Eq. (6) that

~~~x)  C1x~ + C2

we get for Eq. (24)

C1 
~~ 

x?. + NC2 . (25)

This equation tells us that the process under consideration is
square law detection and summation of M variates. The next step
is to determine the probability density functions of t(x~) under
conditions of noise alone and signal plus noise. Define y as

N *

• = 2 X . .1 L_. 3 1
3=1

When signal plus noise is present we have for the density

of x~~ = z

-z/(a~~~~~~ )
p(z) = 

~ ~
_Z e . (26)

~The factor ?~ is used here for mathematical convenience and is
equivalent to using a square law detector  wi th  a gain of ~~~ .

- 
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Others ‘ have shown that the density of y1 is given by

________  ________  
M-l -y~/(a5 +cr~ 

)
- 1)!~~~~~ + a 2

~ 
e . (27)

To get t he dens i ty  function for nois e alone we let a~
2 

= 0 and

Eq. (27) becomes

2

~i~n (N e . (28)

• The false alarm probability after OR-Gating is given by Eq. (10)
• and when Eq. (28) is substituted we get

~FA 1 - (1 S T ~~M - l ) !~~~~~ 
e

t
~~~4)N . (29)

Similarly, the de tec tion probabili ty is given by

1 - (1 T (M - i ) !~~~~~ 

-y/ a~
2 

4)
N- 1

(30)

1 
_________  

M-l -y/(a5
2+o~

2
) dy(1 

~T (N - 

~~~~~ 
2 + a 

e 
a 2 -i-cr 2~~

2 7 n 5 n

~Marcurn, 3. I. , 
“

~~~ Statistical Theory of Target Detection by
• Pulsed Radar: Mathematical Appendix ,” RM-753, 1 July 1948,

The Rand Corporation .

— 
2Berkowitz, R. S., Modern Radar , John Wiley & Sons , pp. 170-185.

12 

~~~~~ -~~~~--~~~~ - ~~~~~ .. —.— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~



(‘ .~~.~~t t li ~j  6500 TRA COR LANE . AUSTIN , T EX A S  78721

Equations (29) and (30) can be expressed in term s of a normalized
threshold thus giving

~FA 
1 - (1 - ST ’ (M 

1 
~
M-l e~~ d~-~~ (31)

and

- / r 1 M-l -w N -i- - - ~ - 

J T’ ~ N 
—Tyr w e dw) -

(32)

/ 
~,co 

1 N-i  -w— j  , -ç~
- 

— 1>—r (w) e dw)
T

where

T’ = Tfo~
2
, and

2
a = _!2~ the signal-to-noise ratio.

SUMMA RY
~
, 

~~_

We have developed two results ~~~thc~---a~a-~ysi-s6 developed
in this paper. First, it~~~~~~ shown that nothing is to be

gained by sin~ le-sar~p le l ikelihood ratio pr~ces Although

this is an in tui tively appar ent fac t it never hurts to verify such

assertions . The other result is that it is possible to eor~-
cail y predict the per formance of the joint likelihood. .ratio~data
reduction cr iterion ~~~~~ uite realistic assumptions concerning
the noise and signal s ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
uated numerically and receiver op e ra t ing character is t ic_ ( ROC )
curves can be obtained. These curves can be compared to the (ROC) 

— — —— .- — -— %~~~~~~ — ----— - .
~~~~~~~~~

. - 

curves that are obtained both theoretically arid experimentally

T~~~~ i~~ s imple OR- Gating data r~eduction te chnique .
_
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