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1t. UPPLEMENTARY NOTES

>

An cptimal statistical treatment algorithm, valid for wide and
narrow band crocesses, is obtained for the detection of a weak
harmcnic signral on a gaussian narrow vand noilse background.

The integral is based on the statistics of intervals between
Intersections of zerc ievel processes. It is shown that the _
noise rejection capacity of a Zsetecticn nrocess increases

#hen the absolute signal mismatch level witnh resvect to the cen-
tral frequency of the nolse spectrum increases.

DD t'a?o?n‘ 473 I

r

[ T——————

s wot

\
Lﬂh LU KR fo T L0 0 b LA O 0L L

§
i
E
4
]
J
i
=
:
%
‘g
]

wliedse

Wbt h b kbl Rk i




e e N R T T L e e e S e S

PN ~

' =SV wonss AR A Lk ® Loun ¢
» NOLE L4 NOLE av WL 8 LA d
Signal Detection :
Algorithm
Integral Operation
Electromagnetic Noise :
) H
= =
: 3
2
F
3
E = 3
E =
UNCLASSTFIED %




L K R

L 4t

T

4§ ot

A VAL AL R I e

T S e

.
;
¥
i
£
¥
®
=
g
4
E
£
4
€

AR BINIII

gl

e e S
e e e Ay VT SR S KRS TR PR

OSSR R S AT
PR S

FID-HT- 23-894-72

EDITED TRANSLATION

FTD-HT-23-894-72

WEAK HARMONYC-SIGNAL DETECTIOR
IN GAUSSIAN NARROW-BAND NOISE

USING THE STATISTICS OF INTERVALS
BETWEEN ZEROES

By: I. N. Yerimichoy and V. M. Xoshevoy
English pages: 8
Source: Akustika 1 Ul'trazvukovaya Tekhnika,

Izd-vo Tekhnika, Kiev, No. 6, 1970,
pp. 55-60.

Requester: ASD

Translated by: Henry Peck

Appru
distr

“ation unlimiteqd

:ved for publie release,
J

A b

THIS TRANSLATION IS A RENDITION OF THE ORIGI-
NAL FOREIGN TEXT WITHOUT ANY ANALYTICAL OR
EDITORIAL COMMENT. STATEMENTS OR THEORIES

ww.mmmrmu«wm‘mmmhw.ﬂmnmw!—«wAWMMMMMJMWM\»M&'MMMMWMMWMlMMM“ i

PREPARED BY:

ADVOCATEDOR IMPLIED ARE THOSE OF THE SOURCE

AND DO NOT NECESSARILY REFLECT THE POSITION TRANSLATION DIVISION :
OR OPINION OF THE FOREIGN TECHNOLOGY Di- FOREIGN TECHNOLOGY DIVISION 3
VISION. WP.AFB, OHIO.

ARCRIRE"

FID-HT- . 23-80u-72

Date -u oct 19 72

el it o S S S = = = o = =

|
-

1]

:

1

i

b

o '
0 o 5 G0 P wahd A b




. — R m S T A ™ AT ATRA Y SR SRt L e C s i § W > =i =
ST s S R A ey W+ o P e R Vo s S S R R R e N TR B RS S SN IS e EEINAT

: i
3 i
U. S. BOARD ON GEOGRAFHIC NAMES TRANSLITERATION SYSTEM i
E Block Italic Transliteration  Block Italic Transliteration | :

A a A a A, & P p P p R, r- { F

56 B & B, b C ¢ C ¢ S, s ! :
2 Bs B vV, v Tt T m T, t | ;
£ rr I s C, & y vy y y U, u |
F Ax A2 D, d ® ¢ o @ F, £ | E;
Ee Ec¢ Ye, ye; E, * X x X x Kn, kh ﬁ
X = M x Zh, zh Uuuw Uy Ts, ts i
E 3 » 3 Z, 2 Y g v Ch, ch z
E H A u I, 1 Ww w U w Sh, sh :
3 R 2 A 2 Y, ¥ Ww o= oI y Sheh, shch
2 K x K x K, k D 5 » n 3
v n a 71 a L, 1 H & KN u Y, ¥ :
M M M, m b » b ! : j
H = H x N, n 2 » 5 E, e
] . 0 o 0 o 0, o 0 ©» O » Yu, yu E
N n T = P, p A = A a Ya, ya

* ye initially, after vowels, and after =, t; € elsewhere. 3

en written as 8 in Russian, transliterate as y3% or &,
The use of diacritical marks is preferred, but such marks
may be omitted when expeliency dictates.

i

i
f
rh
I}
%
L),
1
|
Ll
|
]
I‘
§
.
" ol ey
L ok 0 ol LA o 2 N w0l e Y S ARG AP s it it O

PTD-HT-23-894-72 xr




ST ITAT S e e e
e R, T T o s n e P, oS s e
S - i it gir oot o el .

FOLLOWING ARE THE CORRESPONDING RUSSIAN AND ENGLISH
DESIGNATIONS OF THE TRIGONOMETRIC FUNCTIONS

Rassian English

sin sin
cos o8
tg tan
L ctg cot

sec sec
cosec cac

sh sinh
ch cosh
th tanh
cth coth
sch sech
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: csch csch

: arc sin sin-1

arc cos cos~1

arc tg tan-1

3 arc ctg cot~1

: arc sec sec~]

: arc cosec csc~l

arc sh sinh=1 ,

arc ch cesh~1 3

arc th tanh~1 ;
arc cth coth-1
arc sch sach—1

arc csch esch-1

rot curl
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WEAK HARMONIC-SIGNAL DETECTION

IN GAUSSIAN NARROW-BAND NOISE
USING THE STATISTICS OF INTERVALS
BETWEEN ZERJES

I. N. Yerimichoy and V. M.
Kcshevoy

Engineers

Recently there have appeared many works devoted to receivers
in which a rigid limitation at the input is used. Systems for
detecting a harmonlc signal, which use optimum phase treatment
cf the input process [6], the numbers of passages through "zero"
in a given time interval [1, 5], and moments of passage through
"zero," were examined.

Let us examine the question of the optimum detection of a
weak harmonic signal in narrow-band gaussian nolse using the
statistics of intervals between "zeries." The problem is sclved
based on the theory of checkling svatistical hypotheses.

Beginning with the p~oposition of the nondependence of the

access elements y = (yl, Yos =-es yn), let us write the probability

ratio
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let us determine the density of the probability of intervzls
between zeroes for the case of the presence of the usefui signal.
Let £{(t) be the normal random process which is the sum of

harmonic signal Am cos mct and narrow-band noi:: n{t) with a zero
average and dispersion

SO =A_ cosut+n{f)=E{)cosfes+ ¢ (L] (1)

The interval betwee.. adjacent zeroes invo:ves & derivative
from the phase of the random process by the following exgression
{71

= X2 (2)

where

Y = o,

Sinee the probability of negative values ¢' is very slight
P(d* < 0) T 0 [23, then

t=%= x . (3)

Instead of T it 1s more convenient to examince the random
w

! magnitude y = 7t ;g, where w

0 1s the czentral frequency »f the

noise power sgectrum.

L
&
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“w =

y=-2

P, S (3)
®ecte 1—gVrR-LzVi' -

- 1
where ,=§:;u_=_“;.[5(a_,,‘) F(.,d.]z— is the average square width of the

LA Bt fury it o Sl K

2 Wy~ &
noise spectrum, and i=_3; g=——r
]

= - is the standardized destuning

of the signal frequency from the central frequency of the nolse E
spectrumn.

Using equation (3') we can express the density of the
probability of a random value ol y in terms of the density of

FID-HT-23-894-72 2




random value x

no=«0|z|-

(4)

The expression ¢ “he prcbadility cleoseness wl(x) for random

process (1) is shown in the equation [4]:

#; (x/a) == uy (x) {(x + e, (’ﬂi::).) +

— _ﬂ(l—v)
+cxl,("“2 '))x I (5)

1 =3 2 (14— o 5
where .,(x)s-,z[l-;-(q-x)']‘.v=l+(q__x),:1= To—x7" 3% is the ratio

of signal power and nolse power.
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For iow signal-to-noise ratios (a << 1), using the expansion

of the Bessel and exponential functions, equation (5) can be
rewritten as follows:

T T TR TRV TYITIOR, ~memmmwm'mﬂwm‘w‘wﬁ LI
TTAEF Lo, WP ALY I

“x(‘/ﬂ)‘ﬁv.(x)[l—.a(%—-f-%v-_,)], (6)

Lo e e stk

Using formulas (3'), (4), ard (6), w2 c~n write the prob-
ability density of the random magnitude y:

il

ciky

TR

Vil =W {1—a[i—e—(F+7E-2e)e+ 2w (1)

R

TTTF

where

1 77
Waly) = —7="

Wt (8)

Ty Y O TS TE R

e

The probability density of standardized 2ntervals between zeroes
in the absence of useful signal

TR CER WY

v-1+-;-(l—-—;-)’. (9)
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The obtained pnrobability density coincides with Byalily's

results [2], while for low signal-to-noise ratios it coincides
with the result obtained in work [7].

Using equations (7) and (8)

» let us write the logarithm of
the probability ratio

Inl(y)-z'ln {l-a{x-—q*—(%.;.i’;_"__.%,,;),-n_,,
f=}

i Ly ’-'B . (10)

where C 1s the threshold selected in accocrdance with the accepted
eriterion, n = 2TAF, where n is the vclume of independent
selections of the instantaneous values of the process, T is

observation time, and AF is the width of the output-process
erergy spectrum.

If we 1imit curselves to the first terms cf the expansien 1n
i(y) (which is admissible for iow values of a), expression [10)
1s rewritten in the fecllowing form:

v[( K L b

>bn(l—q)’+%—c=cl. (11)

where b 1s the ratio of the interval of the nondependence of
scattering durations to the magnitude

.

AF°

Let us designate the expression under the sum sign in formula

Then the optimum procedure of the treatment is
written

Srgse, (12)
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If the access volume is large (bn >> 1), the distribution

of the sum of independent random magnitudes 3f,) 1s close to the
2wl
normal value with the average

1
bam; (3} (33) .
if there is nc useful signal, and with the average value
bomy {za) (14)

when there ic a useful signal, where

mmaymnmm (15)

0 {ra) = [ 1 () W (9/0) dy = m, [}~

]
—a(l—g*)m {1} +am (P}, - (16)
and with dispersion 1f there is no useful signal

ba (m, {3*} —m; {3)) {(17)

Since a << 1, dispersion (17) as ascumed to be identical
for the cases of the absence and presence of a signal.

Using formulas (13), (14), znd (17), we can write the

probability of a false alarm »,, and correct observation p, o

— {Cy ~ b, {1]\
b=t F ) (18)
puomi—F(SE 2, (19)
».o0 VnbM,; (%) / g

A_n
where r(z)=%;g 1 2

From equations (18) and (19) we can find n. (th=s access
volume necessary to observe a signal with probability p

n.0 with
a given value of p_ _ and ?pssa)-.
M -
o ol mivl—mim)
o B T == m G
X glagF(d —p, J)—argF(l—p, P (20)

- —— A, AT e L T DA
et e — LS SN

| 'l T T TR ) b U 'hm&’/ﬂ)ﬁﬂml‘l"h' ooy o b et k2 TN
Al mumw#m.ummmammm%ﬁmummmmmmmmuwmwﬂnmmmmw&mﬂa

A b 0, Yt
. A bl bl
e L4 e A ol KA D0 0t LA ot St o st AR RO i B B



L o TR, S R AL T SO T T
et i A T A T AN A ST I T S YR [ TSR TSN el =
R e R A TR T 7 e AT : £
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where arg F(z) = t, if R(t) = z.

S
S
=
3
>
>
<,

For the optimum amplitude (square) detector the access
volume is written in the following form [6]:

“&o'%[“‘F(l—P‘_g;-lmF(l—p...)P, (21)

The relative asymptotic effectiveness [2] of the interval P
optimum detector relative to the amplitude optimum 1s written as: PR

2b{m {51} — (1 — gt m, {x
1 =i‘m._"._°= ] ¢ S A)P
n0, 80 : Rx.o "t"l’j"ﬂl:"li} .

(22)

T TR 4V S T T P

The results of calculating the standardi-ed relative
asymptotic efrfectiveness ‘“‘-’N

qoArer

, m, (v and a,{s} for various values
; of 3 and k = 0.01 {(for 0.01 and 0.001 the results practically
' coincide) are showr in the table.

i)

T T
b e AL

T T
'

The graph shows the dependence of the standardized relative
asymptotic effectiveness on detuning the signal frequency relative
to the central frequency of the noise energy spectrum.

kb ik Hil

[

T ST

The dimensionless quantity ¢ 1s plotted along the horlzontal
- axis from —1.8 to +1.8, while the dimensionless quantity 4 . a0

AR LAl duiids

is plotted on the vertical axis from 0 to 11. The figures 3, 6,

and 9 are to valves of the corresponding roints of the vertlcal
5 i axis.

LR L

] From the above graph it can be seen that with an increase 1n
5 the absolute detuning value, the nolseproof quality of the in-
terval optimum detector increases. To quantitatively evaluate

the noiseprcof ruality of the interval detector it 1s necessary
to know the value of b.
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g
3
]
E
%
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2 ol b AL DA

3 To calculate b 1t is necessary to find the correlation function 3
- of the intervals between zeroes.
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T 1t we assume that the interval é
) + w3} | e s} ¢ of irndependence for intervals %

3§g }1%2 100 w0 between zeroes and the phases %
N o S %2 f&i of the random processes colncide 3

0s6 | nioi | oo | 363 (b = ] ;

oo | i T = 2), for the signal coinciding k|

:ﬁ 8% g}; ig-g with the edge of the square ;

0545 0. -

}ﬁ% ﬁﬁz ) iqg frequency characteristic curve 2

2000 | 119 o | Zip of the filter (q = +1.76) s

263 | 1509 | —015 | 11 - ’ "

2:-; % —03€ | %12 e 0.0 045 :

g7 | —06% | 13 e

&6 | i | Dios| T3

o6 & :::;s f;i Thus, under this assumption

83 |7 ~1 x

2 9% I -'i'?s‘s ig the noiseproof quality of the

optimum Graph of the dependence

of the standardized relative
asymptotic effectiveness on detuning the signal frequency
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Interval detector is substa

i ntiz2lly
higher than the noiseproof qualit?y
of the amplifude detector.
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