L

AD-A148 831  EYALUATION OF PARAMETERS OF A SIGNAL (SELECTED PRAGES) 1/2
(U) FOREIGN TECHNOLOGY DIY WRIGHT-PRTTERSON AFB OH
¥ FAL/KOYICH 2@ NOV 84 FTD-ID(RS)>T-1502-84
UNCLASSIFIED FeG 17721



'ia

Vel

AP Pa oed
- PRI

ver—

Ty

N rras an e ety an Le e
EMP P g

FEE
P EE]

M EEEFETIT

s N

1.25

I

MICROCOPY RESOLUTION TEST CHART

NATIONAL BUREAU OF STANDARDS-1963-A

) DN s e s Lot o

hJ
ECRICTUL C F a
A tala

.
FUN N )




I ———— SR SR S e
T W, v e g Saliy rh'1"‘,','.".'.‘.‘i'._._-_T,-,"}‘.“Af‘_-w_,i-‘,‘ PN . LR M R . . - . - - - LI - 1
- SCE W E A AT L S S S OIS A

FID-ID(RS)T-1502-84

FOREIGN TECHNOLOGY DIVISION

tr

AD-A148 831

EVALUATION OF PARAMETERS OF A SIGNAL

(Selected Pages)

by —

S. Ye. Fal'kovich

£ COPY

s
]
i

NG fi

Approved fcor public release;
distribution unlimited.

---------- e N e e e e e e e e e e e
. R TR fe e %t te el e e e e e e ta T T e e e e e Y e e e e T e e e e e e e T e Tl
2 L:’..'_:'::!'t"::‘::,"::" n‘_'-:"r.ﬁ:-.‘:&':'_':‘.':ﬁ‘:‘:':'ﬂ:'.":' RN Kl Sy PV SRS WA YL IR NS S I, Al . 1]




FTD- orsz-1s02-8

FTD- ID(RS)T-1502-84

UNEDITED MACHINE TRANSLATION

FID-ID(RS)T-1502-84 20 November 1984

MICROFICHE NR: FTD-84-¢-001095

EVALUATION OF PARAMETERS OF A SIGNAL
(Selected Pages)

By: S. Ye. Fal'kovich
English pages: 166

Source: Otsenka Parametrov Signala, Publishing House,
"Sovetskoye Radio", Moscow, 1970, pp. 36-104;
179-199; 322-334.

Country of origin: USSR

This document is a machine tranmslation.

Requester: FTD/TQFE

Approved for public release; distribution unlimited.

THIS TRANSLATION IS A RENDITION OF THE ORIGI-
NAL FOREIGN TEXT WITHOUT ANY ANALYTICAL OR

EDITORIAL COMMENT, STATEMENTS OR THEORIES PREPARED BY:
ADVOCATEDORIMPLIED ARE THOSE OF THE SOURCE

AND DO NOT NECESSARILY REFLECT THE POSITION TRANSLATION DIVISION

OR OPINION OF THE FOREIGN TECHNOLOGY OI. FOREIGN TECHNGOLOGY DIVISION
VISION, WP.AFB, OHIO.

Date 20 vov

19 84

.
4
it
.
ol
)

1
e
*
“u
u
i

N

.' '
LA
L
I PN




P A AR PR N 0, S P R SN SR e, R Ve TR LT - SRR
B TR O A A N S v I SRR, Y _‘:3 .ﬁ.-._ et j.‘_\.' O 1._-. \.'.\.' NOPNOAR

A R Py, T e v p U L S AN, S Ao, N A s St S IO SRR IR C R

Table of Contents
U.S. Board on Geographic Names Transliteration SYSCem .....cceveeeneenenannn oo il

2. The Fundamental Principles of the Theory of the Optimum Methods
Of RAdio RECEPLION +ovivvrrrvecorsescnssneensotascencensoscaanonnnas cecrsenaas 2

5. Potential Possibilities of the Systems of Direction Finding According
to the Method of Scanning Radiation Pattern .....ccevcevuse Ceteeieieeaanaan .. 102

ReferenCeS «oivriuriteiiiirsrenaensassaseessassaasssscseesosasnanansssnaonancons 138
List of Principal NOCACIiOoNS ...vsveveorsnseencsenreocncnoeanneanns ciesreavsees 148

Table Of CONLENES tovieeererecoenrooosscnsencessaesososescsvanescossanssecnsanee 160

Accession For

cession Tor @ |
| NTIS GRA&I B
DTIC TAB

Unannounced O "

Justification |

By
Distribution/

Availabil;iyﬁggdes
Avail and/or
Dist Special

A

N e N e e T e e e . e el N N~
.

NN
PN

.
RN
Ca St At



4 s 9 8 _F
DARY
e taote

i

ry e v v
RO

e

~,

U. S. BOARD ON GEOGRAPHIC NAMES TRANSLITERATION SY3STEM

Block Italic Transliteration Block Italic ransliteratioc:.
A a A a A, a P P »p R, r

5 5 B 6 B, Cec C ¢ S, s

3 8 B v, v T T m T, &

rr r ¢ G, g Yy Yy vy J, u

2 A a o D, d ® D ® ¢ e, f

E e E Ye, ye; E, e¥* X x X x £h, kh

Mo N x Zh, zh Uu u y Ts, ts

3 3 3 3 Z, 2z Y4 9 4 “Ch, ¢h

2 ) 7] I, 1 U w U w Sh, sh

A on a 1 Y, vy W w o w Sheh, shch
H K «x K, k b s B "

A T 4 L, 1 N Wi H wu Y, ¥y

o M M, m b b b !

H w H N, n 33 9 E,‘e

2o O o 9, o W o 0 » Yu, yu
nn 1 n P, p A A A a Ya, ya

*ve initially, after vowels, and after », b; & elsewhere.
When written as & in Russian, transliterate as yé& or é&.

RUSSIAN AND ZINGLISH TRIGONOMETRIC FUNCTIONS

Russian English Russian English Russian English

sin sin sh sinh arc sh- sinh”;
caos cos ch cosh arc ch cosh_7
tg tan th tanh arc th tann_>
ctg cot ¢th coth arc cth cotn_T
sec sec sch sech arc sch sech 7
cosec csc ¢sch ¢sch arc c¢sch csch

Russlan English

rot curl

1g log

GRAPHICS DISCLAIMER

All figures, graphics, tables, equations, etc. merged intg this
translation were extracted from the best quality copy available.

ii

.
‘.
R
Lt ate e

1
b

e

a‘J

R N
‘ah amatala’a’a




i e RO IRC I it T A e T AL S R St T B 6 I RO SRR AT S SN A el S N PN MR A S R S A

DOC = 84150201 PAGE 1

\ EVALUATION OF PARAMETERS OF A SIGNAL.

. S. Ye. Fal'kovich. ) ‘ -

-

SA e e,
sfastraengaats

A SO
R AN

§§

[EN

e e e N Ny LA S L R S N e N N L L

st ....:.-.




P i AN PR Y SO P T I R R L LI
AR D e N T T Py St

* DOC = 84150201 PAGE 2

Page 36.

2. The fundamental principles of the theory of the optimum methods of

radio reception.

) 2.1. Statistics of space of oscillations adopted. ) . ;»;

In preceding chapter procedure of determination of optimum

receiving system and order of calculation of theoretically maximum «_!
qualitative indices were in general terms established/installed. Now }.;
let us switch over to the investigation of the communication systems -i:{
with the concrete/specific/actual interferences operating in the :;1
g; radio channels. For this first of all should be described the iiﬁ
;é statistics of the oscillations/vibrations adopted and derived the =
3 | fundamental principles of the theory of the optimal methods of ::E
reception, which include the the analytical expressions of the :
functions of plausibility and some, connected with.them,
characteristics for the most widely used models of the communication ’ T

systems.

Oscillation u(t), which enters into input of radio receiving S

L3

P
P

I~ equipment, in general case is formed/shaped as a result of effect on

S
N .
a‘s

P a
»
4
L

-l
transmitted signal s(t; A) of additive and multiplicative
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interferences it can be represented in the form
U(6) = [ty e () s (D) &s(1) s (1) 4-n (t) =
= Re [s (1) e s(£:2)] +n (1), (2.1
where sl(kﬁ - conjugated/combined process, connected with transmitted

signal s(t;';) by conversion of Gilbert/Hilbert [24, 45].
Page 37.
For the usually utilized narrow-band signals adjoint function slu;h

is obtained from function s(t:';) by phase displacement of the

- .
carrier frequency to the angle #/2; s(t; \) - complex representation

of the signal

st =st+js | (t3). (2.2) |

.?unction n(t) presents additive interferences. To them, first of 0
all, refer the internally-produced noise of equipment, converted to
the input. Furthermore, the additive interferences include thermal
and space noise received by antenna, different interfering signals !;ﬂ“j

as, for example, active jamming. In the radar to the additive Ziﬁfﬁ

interferences, furthermore, relate passive jamming, i.e., reflection
from the marine and earth's surface, etc. Additive interferences are ! _ 1
usually normal random process with the zero mathematical expectation .
and and by known correlation function Ra(4; f). Internally-produced

noise and some other forms of interferences can be approximated by

e L R |

............................................
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the white noises

: Ra(tite) =—p 8(t, —ta) (2.3)

i wvhere N,/2 - spectral jamming intensity. Let us note that we use the buf
é representation of the frequency spectra on the entire axis - =«<f<w, i
E Therefore, spectral intensity-figuring in our formulas is 2 times R
i lower than the real spectral intensity N,, by which is understood the - : ,:
: power, which falls on 1 Hz of the frequency band.

: -
i Idealization of (2.3) in class of tasks considered/examined O
i below is permitted, when interference spectrum is substantially wider
E than spectrum of signal, and in frequency band, virtually occupied - 4
i with signal, spectral jamming intensity can be considered constant ' ;::;
; value. The effect of additive interferences is reduced to the ¥
; creation of the noise background, against which is realized the ~i :
i V reception of useful signals. : :;::
i Page 38. ;
l ‘o
é Functions ¢'+¢f) and «(f). and also e¢(e) and o(t):

2 sO=V [t e O + ¢ (B), =i
| ?()= arctg — 00 (2.4) o
E reflect the effect of multiplicative interferences, which appear with f;i;
E passage of signal along channels with variable (in particular, with :%ﬁi
i

those fluctuating) parameters. The fluctuations of the parameters of o

O L IR 6NN
|
i
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channel can be caused by different reasons. They include: the
multiple-pronged radiowave propagation between the transmitting and
receiving points, which leads to the fluctuations of the mutual
phasing of the interfering waves, the presence of fluctuating
heterogeneities along the path of the radiowave propagation (in the
ionosphere and the troposphere), fluééuation Qf the comp}ex
coefficient of reflection of targets (in the radar), fluctuation of
tﬁe orientation of onboard antenna systems in the space radio
communication, etc. As a result of the effect of multiplicative
interferences the useful signal undergoes parasitic amplitude and
phase modulation. Just as additive interferences, multiplicétive
interferences are the result of a large number of independent random
events, and’functions e(f) and wu(f), which determine their effect, can
be assumed/set by the independent normal processes
(s (t:) 0 (ts)) =0 (2.5)

with the zero mathematical expectation

(e ()= (0 (t) =0 (2.6)

and with the identical correlation functions R, (t;t,):
R. (tisty) = (‘c (¢,) e (t:)) = ('u () e, (la))- (2-7)

Here and subsequently, brackets of form <> indicate statistical
averaging. In the absence of regular component of signal (e,=0) its
phase ¢ and intensity e at the arbitrary moment of time are

distributed evenly to:

........

P f
PR g e ot

PRI , . Lo
IRV SIS W FPREY X RN
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DR LY.  ANSCIRE

! “) <o Ox,.
p(w={7"— T (2.8)

0 npu 9<0(?v>2:.
Key: (1). with. (3. and.

A S

and according to the law of Rayleigh:

(2.9) |

h
e
s,
N
"-‘
le
e
[N
[
A

o= {—f;-exp(— ) e

0 M ¢ <0,
Key: (1). with.
where
o, = (&) =(s). (2.10)
- Page 39.

Fluctuations of form (2.8)-(2.9) are called Rayleigh. In the

W EN

general case ¢,#0 and the intensity of signal e is distributed

according to generalized Rayleigh's law (to Rice's law)

— 2—.'exp(— "+'g)1, 2';' n%jnc>0, 1"
p(')—{ o2 o ( s ) o 2.1

0 npu ¢ <0
Key: (1). with.

(1 - Bessel function from the pure imaginary argument), and phase ¢ -

according to the sufficiently complicated law, which with sharply

...........................




P AR i R e A A A A AU AR A S A SRR GRS
.2 "i
DOC = 84150201 PAGE 7 ] §
°*
pronounced regular component (&> 3) asymptotically approaches the i
normal: ‘;é
P = p-enp [~ SR *
g o= ()i 5. = ((? —9.)"). (2.12)
)
v . Thus, in radio engineering communication systems » 1
oscillation/vibration u(t) adopted is usually normal random process. Zﬁ
For the complete description of this process it suffices to assign B ;&
the mathematical expectation , ’ 1
m(t) = ((t) = &5 (:3) (2.13) |
and the correlation function R(t,; t,), which, taking into account —‘;_;q
the statistical independence of additive and multiplicative - 1
interferences, is determined by the expression
R (tits) = ([u(ty) = 045 (3] (0 (1) — s (6:30]) = —
=Re[s(t;2) s* (5D R, (tits) +- R (tits).  (2.14) ¢ N 7
Here and subsequently asterisk with complex quantity indicates ;
complex'coupling. Asterisk also designated evaluations/estimates. _ i
* However, this must not lead to the misunderstandings, since measured glffi
parameters and their evaluations/estimates are everywhere real ES?Iﬁ
values. ;ii i
h ®
Page 40. ;5 '
P From (21.3) and (2.14) follows that for the complete statistical :v Zi
g
8

A aa el it

................................
......................................................
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assignment of the oscillations/vibrations (or space U) adopted it is

CNURENTELN PSRV SRR

P
necessary to assign function s(t; \), which determines the ensemble

v

of the transmitted signals, the intensity of reqular component of

-
5 B

T signal e, and correlation functions R.(f; z) and R,(t; ) of additive and

multiplicative interferences.

Mathematical vehicle of statistical theory of
connection/communication, based on use of statistical characteristics

(2.13) and (2.14), is bulky and is utilized comparatively rarely. We

v v ]
. R

will examine it in Chapter 8. Usually in accordance with the actually
occurring working conditions of the majority of the radio engineering

communication systems it is examined by one of two idealizations: the

v T T
! n' e
' RN

case of the slow fluctuations of the parameters of channel (or
signal) and the case of the rapid fluctuations of the parameters of

channel. The use of these idealizations makes it possible to

g~y
i il P
. s 4'4 R MR

introduce the assumptions, which significantly simplify mathematical

vehicle.

With slow fluctuations of parameters of channel time of
correlation of functions e.(!) and &) or e(t) and ¢(t), determining

effect multiplicative interferences, is considerably more (at least

- -—lp
: by an order) interval of observation or duration of signal s(t; \).
In this case it is possible to consider that the functions e(t) and

ﬁ ¢(t) in each interval of observation have, although random, constant

........

L e o e P S T It I SRl S SO SE SR SAE S

. et wSam S B e e T e Vow S tam N Lt P S L A U TR U PRI PR W et
R e A R R S S i i i S T R P e Tt S S ST SN v VA T WY ~ .

S
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value of ¢ and ¢. With respect (to 2.1) it is converted in

*. u(t) =Re [se™s (t; )] 4n (). (2.15)

Idealized model of channel with rapid fluctuations of parameters

is utilized with reception of repeating signals (for example, radar

. signals), when time of correlation of fluctuations of parameters of -

channel is less than recurrence interval, but it is considerably more

'ﬂ' . . q . . 13
- than duration of elementary signals s.,(t; X) in each repetition

period. In this case the random processes of e(t) and o(t) in (2.1) 1
can be replaced with the totalities of statistically independent '??
relative to each other random Variables ;=8h..” n; $=wm..q(h. and _;;;i
the oscillation/vibration adopted to represent in the form ST
u(ty=Re [)_“ cie”'é.(t—t.-;i; +n(t), (2.16)
where n -~ number of repetition of signal, and ! - temporary o

displacement to the i repetition of the elementary signal s,.

Both idealizations (2.15) and (2.16) are reduced to the fact

.
. )
(N S,

- that effect of multiplicative interferences is considered by addition

to transmitted signal of new set of random, but constant parameters
2(J=e, ¢ or ase, o). Useful signal at the input of the radio ]
receiving device in this case takes the form of the determined

-_— -y L d
function s(t; A; a) of time and two sets of the random parameters A

and ?ﬂ and the oscillation adopted ~ the additive mixture

A LN
GUR IR SR NPV SI v

. . g
DAL P R ST W o LI At |
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u(t):—-s.(t; % a)+al). (2.17)

—y,
Parameters A, which reflect transmitted communication/report and

subjects to evaluation/estimate, are called essential parameters. The
parameters @, which reflect the spurious modulatipon of signal in the
channel, i.e., the effect of multiﬁlicative interferences, to ’
evaluation/estimate a;e not usually subject and are called the
unessential parameters. Let us note that in some systems it

nevertheless proves to be advisable to rate/estimate the parameter of

intensity of e or the initial phase o.

Thus, in majority of practical interesting cases it is possible
to consider that the reception is conducted against the background of
additive interferences, and effect of multiplicative interferences to
reflect introduction to signal of unessential parameters. The
statistics of the space of the oscillations/vibrations adopted in

this case is described by the mathematical expectation of the

oscillation/vibration
m{)= @) =s( & 3 (2.18)
adopted and by the correlation function
R(ty ts)=Ra(t t)s (2.19)
which coincides with the correlation function of additive

interferences and, therefore, in contrast to (2.14), does not depend

.......................................
-----------------

o . -
- P I P LA N TR T T AT T T . Lt PRI
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~y
on the transmitted communication/report A. The latter substantially

simplifies investigation.

Page 42.

-

In statistical theory of conpection/commpnication also
extensively are used idealizations, according to which parameter of
intensity of signal e¢ or parameter of intensity ¢ and initial phase o
are assumed/set by previously known nonrandom values. The models of
the communication systems with thé signals which do not contain the
unessential random parameters (with the known ¢ and ¢), are.called
systems with the completely determined signals. Detectisn and the
evaluation of the parameters of the completely determined signals are
called simple detection and simple evaluation/estimate. If signal
contains the unessential random parameters, then the detecti&n and

evaluation of the parameters are called complicated.

In given examination oscillations/vibrations u(t) adopted, and
also signals and interference were assumed/set by temporary
processes, which enter from antenna input of radio receiver. In this
case the task of determining the optimum system does not encompass
the synthesis of receiving antenna. The theory, which is based on the
examination of time processes, is completely satisfactory when

internally-produced noise of equipment are the fundamental source of




PP
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interferences. At present ever larger role is bequn to play outside
interferences. This is caused by the development of space radio
links, by the development of the low-noise amplifiers and by the
possibility of the effect of electronic jamming. As a result already
at the input of receiving antenna electromagnetic field of useful
;ignal is masked with the .fields of different interferences, and
antenna realizes primary combined working/éreatment of signals and
interferences. In many instances it respectively proves to be
advisable to expand the statistical theory of radio systems and to
examine not time signals and interferences (voltage/stress and
currents) at the input of receiver, but space-time signals and
interferences (electromagnetic field) at the input of the receiving
antenna. The results of investigation must determine the optimum

system of the space-time processing of signals.
Page 43.

If the processing can be divided into two consecutive stages - into
the three-dimensional and into the time, then optimum antenna and
optimum receiver will be determined separatelf. In the examination of
space-time (instead of the temporary/time ones) adopted
oscillations/vibrations in all relationships/ratios of present
paragraph should be argument t replaced by the vector argument'Z-t,

;: which is the totality of time t and radius-vector T of the points
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of real space. The oscillation/vibration adopted will again be the
normal random process (now space-time), that exhausts description of
which they give the mathematical expectation
mt; r)=(u(t; 1) (2.20)
and the correlation function
Rty ti Fao Ty =(u(ts ) —m (b 7] [t 72— ‘
—m(ty; r3)). (2.21)
Again in general case oscillation/vibration adopted can be
described by expression of form (2.1):
u(t; y=Re[s(t 1) NS T Dt 7). (2.22)
which for majority of in practice interesting cases to admissibly

replace with expression, analogous (2.17),

u(l; N=s(t: i & a)4n(t 7. (2.23)
2.2. Functional of the probability density of normal random process.
Let us assume, function u(t) is normal random process assigned
by mathematical expectation m(t), in general case different from

zero, and with correlation function R(t,; t,). Is assigned also the

interval of observation, i.e., the range of change in argument

t:te(T,, T).

Page 44.

PR
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Let us examine first n-dimensional selection u=u, ..., 4n, which

consists of totality wi=u(l) of the values of process of u(t) at the

".e
X3
<
<
X
' .
!
"
-~
N
.
X
i
e
L
» *

selective moments of time 4. ....t. It is not compulsory, but for
future reference is convenient to consider it 4. ... !« as such that 4
t¢=T,+(i—-%-)A (=1, n)  (224) &

where A - interval of discreteness, equal to T.-T,/n. The examination
of selection or digital process U is not only the means of

approximation/approach to an investigation of continuous process of

u(t), but it is also of independent interest, since data about the -
random process can enter the particular moments of time or process ]
itself it can have discrete/digital character. The totality of values ‘
of the mathematical expectation m(t) at the selective moments of time ) :::

let us designate m=m,, ..., ma. With the matrix recording of different

. . > — .
expressions of sampling of u, m, etc. are considered as column

vector. The totality of the values of correlation function at the

selective moments of time R(/4: ¢!)=R;=R, forms matrix/die R of order

nxn, called correlation selection matrix.

Selection or vector Gﬁ is n-dimensional normal random variable,
i probability density of which is equal to :
h p(3)=kexp[-—;— 2 3:,(u4—m‘)(u,—m,)]. (2.25) - e

i, =l .‘.’_

or in matrix recording
5 pluy=kesp[ ~ -@—myr 0@ —m). (226)

F Symbol + designated the operation/process of transposition; k - the T
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constant coefficient, not depending on the concrete/specific/actual

. . . - .
realization of selection of u, or from the vector of the mathematical

. oy
expectation m,

1
k= = (2.27)
(2x) ¢ .

|R| - determinant of correlation matrix/die R %; - matrix elements

- ~4
¢, reverse/inverse with respect to the correlation matrix/die R, so 1
that
n Q) U
s‘ R.,S,.:&,. (Hﬂu 0=R-I). (2.28) h
= -
4
Key: (1). or. ~H7
.
Page 45. -
Characteristic of continuous random process u(t), which is :1¥W
. . ety
continuous analog of multidimensional law of distribution (2.25) and ]
4
(2.26) with A»= (or n»=), is called functional of probability density -3
of process u(t) .q
plu(t) = lim p (u). (2.29) ]
a0 RS
For computing functional p [u(t)] let us introduce function [2, e
1
4] D
. ﬂ‘. . e T
9““'ﬂ==hﬂ:%- (2.30) i
1
which can be determined from integral equation AR
T, IS
[ Rt )80 t)dt,=8(t—ta), (2.31)
T, ::'.':

i .
ko S

................
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L34 .
n obtaining from equation (2.28), if we latter represent in the form 3
1 . ouj — LITY ) ‘
. o bta=te |

:_E ]=1
N and to pass to limit with A+0. Let us note that since .
i . according to (2.28) and (2.30) R,=R, and O,=1; ‘ A
) : =
;ﬁ By analogy with the reciprocal matrix ® function 9(/: ¢) we will call :}
5 F
i inverse-correlation function, i.e., by the function, reverse/inverse 4
3 to the correlation. iﬁ;g
-
o SR
> AR
%; The limit of the index of exponential curve (2.25) ]
| L - «»94
1.2 [——;— 2 (u;—m.-)%%(’u,—m,).)']-:
ResGD i, =i R
I —
-_%_Sf u,)—m ) Q(t.; L) [ (ty) —m (t5)] dt dt,, 1
T, "
and the functional of probability density is equal to i
L6 %
pluit)) =kexpi—— | [uit,)—m ()X .

- { IT:Y i ._.j
X 0 (b 4) [ (ts) —m (t)] dt,dl.]. (2.33) I
Coefficient k, determined by means of (2.27), with n+= (A+0) is i

0y R
. s m m e e et Te e tatama e T AR ST PSS P O TR TS S SR U SR S P
..‘.- B T i S T
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infinite [2], and, generally speaking, there does not exist final
limit for function p [u(t)]. However, since coefficient k does not
depend on the reélization of process u(t) either on the form of the
function m(t), then final limit and physical sense refer of the
functionals of probability densities for two realizations of process
u(t), let us say ux(t) and u*=*(t), or for two values of m(t):m=(t)
and mwx(t). The relation of functionals is shown, how one realization
more either is less probable than another, or how more or is less
probable one value m(t) in comparison with others during this
spezific realization of process u(t). Thus, the functional of the
probability density of random process u(t) in the general case is
determined with an accuracy to coefficient of k. This does not lead
to the misunderstandings, since during the solution of practical
problems are always examined not functionals themselves, but their
relations or logarithmic derivatives, which on coefficient of k do

not depend.

Obtained expression (2.33) for functional of probability density
of random process u(t) via analogous reasonings can be propagated to
some more complicated cases, which are of practical interest. Thus,
for instance, instead of the random temporary/time process of u(t)

can be examined the random space-~time process (field) of ult; T).

Page 47.
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In this case scalar argument t should be replaced by vector w=t,

—~ -y
r Designating through & the variable range r and retaining for t
previous range of change, i.e., by accepting w&M:{t&(T,. T, réZ).

instead of (2.33) we will obtain

-

T
plul=texp {— ([ {f. r— .
. é T
—m(t,; E)le(‘n b -;\- -;s) [“(ta; ry)—

— m by, 7)) dtydtdr drs}, (2.34)

. - — ' .
where ©(t,, t,; r,, r,) - the function, reverse/inverse of the

—mll

- —
space-time correlation function R(t,, t,; r,, r,):

Ty - - - - -
[ (R ti r )8ty b ray 1) dbidri=
z"

=8(t, =) 8(r,— ry). (2.35)

Subsequently in present chapter all relationships/ratios are

given for temporary/time processes. These relationships/ratios if
necessary can be, it is analogous how this was done upon transfer

from (2.33) to (2.34), they were propagated to the space-time

‘Processes by means of the replacement

1) - - - - -
tﬁl)a w={r :)tE(Tl, T:) tg we:{te(T, T red).

Key: (1). on. (. and.
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Let us note also that matrix recording (2.26) can in very
general view represent as discrete/digital, so also continuous
processes. Actually/really, in accordance with what has been said it
is higher than the vector‘:’and'ﬁ'can present continuous processes of
u(t) and m(t), and also u(t; T) and m(t, ¥), and matrix - correlation

functions and function inverse by correlation ones.

Page 48.

After the appropriate determination of the scalar and matrix product

of functions expressions (2.33) and (2.34) can be converted in

(2.26).

In practical problems multidimensional (vector) random processes
G?t), which are totality of one~dimensional (scalar) random processes
Zuy=uth ..., u.(),in general case correlated with each other, are also
encountered. The functional of the probability density of this

process

Pl =plu, () . uat)] =

n T,
1
= kexp {-——2-‘ 2,':‘. jrj e () — mo (6] By (b 1) XX
X g (ts) = m (t)] dt,dt, } (2.36)

e
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; will be required subsequently. Here, as above, 8 ) - the
: function, reverse/inverse correlation Ri(f, 2}, determined from the
. equation o
x Ty
- )‘ Rij(tsi 6)Bis(ts ty) dty = B(t,—t,), (2.37) | =
= and
- . o Ryts t)y=(luc(t) —mo(t )} [us(t) —my(ta)]) (2.38) - : )
Z- and
: m ()= (ui (t))- (2.39) 1 :
E If processes u;(!) with different values of index i are not - 4
' correlated, then with i#j value R,{/i:%)=0 and (2.36) is converted in
- r, R
S a(l) = J-L¢{ —_ TR : —
: Pl =kexpf~— jjw.) Mt} 8elts t X _
-] ! s
3 X lua (t) = m (8] dtdts . (2:40) o]
o S
N Page 49. -
»:_ o
> ]
E‘ 2.3. Function of plausibility. ;f
. :
In accordance with the definition, given above, function of 1
plausibility, which defines optimum output effect of radio receiving f?
— e
equipment, represents conditional probability density p(u|i) of ﬂﬁ
oscillation/vibration GT which is considered as function of :
parameters of signal_f (transmitted communications/reports) at this
‘recorded realization of oscillation/vibration G’adopted. The form of
the function of plausibility depends on the correlation function of o

- e et e - et e e ®. t e e a
- @+ e e e 4 s ace A te 8 e"a 4B a"e v a’etate's
. * e & o - .+ a4 o e e w n & ., R K P T e e e T te ettt A
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additive interferences, and also on whether they are considered and
how multiplicative interferences, in particular, which of the

unessential parameters of signal are taken into consideration. In

other words, the form of the function of plausibility depends on what

is utilized the model of the oscillations/vibrations G?adopted.

Let us begin examination from simplest model, according to which

oscillation/vibration adopted presents additive mixture of
interference n(t) with assigned correlatinn function R.(f{; ) and
completely determined signal s(t;'i3:
w(ty=s(t Y4-n () (2.41)
Mathematical expectation of normal process (2.41) is equal to
s(t;-?). Therefore the function of plausibility, i.e., the

conditional functional of probability density'a, according to (2.33)
takes the form h
- - I T i-
p(u|1)._kuxp{ 5 ij[u(h) st A) X

X8t 1) (1) —s (15 D] dtydh). (2.42)
Page 50.

Punction ©(t,; t,), as in all other cases, it is determined from
equation (2.31), which in case (2.41) of reception in question’

against the background of additive interferences is converted in
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o

NG S Ru(ty £)0(ty t,)dt, =5 (t,—t,). (2.43)
2 T,

Due to limitedness of integration limits in equation (2.43), and

.. e
. .-l.“.

also other analogous equations, which determine function ©, solution
in final form succeeds in obtaining hardly ever. Simplest is obtained
. : solution with the widely utilized approximation of additive
interferences by white noises (2.3). In this case
2
8 (t,; hy=g-8(t—1t) (2.44)

and

Ty
- - | rg 3 [
p(ull):keXp.{—.ﬁ..-§[u(t)—s(t; 2))* dt } (2.45)

Overwhelming majority of practical results of statistical theory
of radio installations is connected with use of latter/last

relationship/ratio.

More complicated, but is also more acceptably solution of

BOODE  IEEIERY RGOt
H
i

equation (2.43) for stationary correlated interferences, if time of
correlation of interferences is considerably (at least by an order)
less than duration of interval of observation T,-T,. In this case
(2.43) it is converted into the fold of functions R.and ©, and

solution is obtained by the use/application of Fourier transform:

Bty t)=8(t—ty= ™14 g [ T Rut) eitar)

(2.46)

------------------------------------------------
--------------------------------------
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Let us introduce following designations:

Ty -
q(I)-.—:%{u(l)s(t; ) dt =
T,

Ty
. =[SS ()08t ) s(ty 1) dt,dt, ] (2.47)
Ty

and -
= EM L
w@) ===l st DO t sty Ddidt]. (2.48)
[+ |
Page §51.

In first part of equalities (2.47) and (2.48) are represented
expressions, which relate to approxihation of interferences by white
noises. To this approximation ir accordance with.the conventiona’
practice we in essence will be oriented with the following
presentation. However, the formulas given below are accurate also for
the correlated interferences, if function q(§3 and u(?) are
represented by the general/common/total expressions,

included in

(2.47) and (2.48) into the brackets. Symbol E designates the integral

- Ty -
E)y= 5 si(t; A)dt,

(2.49)

which is proportional to energy and it is
of signal. In the general case the energy
value of some of the random parameters of

parameters which affect energy of signal,

.............................
...................
.............................................

respectively called energy
of signal can depend on the
signal Au .... A The

call the energy parameters,
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while the parameters which do not affect energy of signal, by .

manpower parameters. Value u is called energy relation signal/noise.

Taking into account the introduced designations of relationship/ratio

(2.45) and (2.42) it is possible to replace with one expression
p(u|d)=rkexp [—u(3)+q (D), (2.50)

in which coefficient k depends on U, but not on . .

According to data of u(t) accepted it suffices to form function
q(;3 so that it would be possible to determine function of
plausibility (and also if necessary a posteriori distribution)
without new turning to u( t). The first and main stage in perfecting -
of the oscillation/vibration adopted, therefore, consists of the R

——y
formation/education of function gq(\), called correlation integral.
Page 52. . -

This function determines those essential operations/processes, which

must be fulfilled above u(t) in order to extract entire available

information about the transmitted communication/report. Therefore

- they indicate that function q(§3 in the general case is a sufficient
'i statistics or the output effect of a sufficient receiver. If all
parameters of signal are manpower, which fairly often is assumed/set

in the theoretical models of the communication systems, then energy

of signal and energy relation signal/noise are constant values:

............................................................
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E(?)=E; u(i3=u. In this case factor exp(-gx) in (2.50) can be
connected with constant coefficient of k, and the function of
plausibility is one-to-one (exponential) function with respect to the
correlation integral q(;). Respectively in the manpower parameters of
signal function q(;) can be accepted as the output effect of optimum

radio receiving equipment.

Let us assume now, that received signal is function of
transmitted communication/report_?.and certain set « of unessential
parameters

: u(ty=s(t; & a)+n(). (2.51)

On the basis of that presented higher it is possible to -
immediately record function of plausibility p(ﬁfi;'Z) for entire set
X, 2 of random parameters of signal: both essential and not
essential. Function-;(u|R§';3 can be, for example, represented by -
expression (2.50), in which only should be replaced the totality.;'by
f‘,?. The function of plausibility ?(aﬂ only for the essential
parameters of sighal, the determining structure of optimum receiving -
system, is found from function p(3[K§'Z> with the aid of conversion
(2.52), to which they come by means of the following reésonings. Let
us record a posteriori probability density p(?;-;|33 for the
essential and unessential parameters, taking into account, that, as a

rule, the unessential parameters a do not contain useful information,

i.e., it is statistically independent with respect to N:

Pl )= 2l 2l wiki )

pa) Qf
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Page 53. -
N s . > .
A posteriori probability density p(A|u) for essential parameters
is only determined by. integrating latter/last expression for set A of .
possible values of unessential parameters Iy
p (@) ._.}?,,,(:; e =28 (53001 % 0 da.
Plu) %
- On the other hand, S
t pa|d) = eMpulh) S
. P (u) . .
F whence -
% e e e e =
% pa1d)={ p@p@l; a)da (2.52) o
. A
! - —3 —
Thus, function of plausibility p(u|)) for essential parameters —s
.. . . . cye s - = = . g
> is only obtained from function of plausibility p(u|A, a) for entire
"} set of random parameters of signal via statistical averaging from
F unessential parameters.
‘ Using obtained law (2.52), let us find function of plausibility o
for models of signals with most frequently those utilized at
theoretical studies by unessential parameters. '
RO s e e e T e e L e e g iy
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t; Signal with unknown initial phase 9. Received signal is

§ represented in the form

3

. s{ts I; ?)=Re 1§ A I)e"] =5 (f; I)cos&p-{—sl(_t; f)simp.

o (2.53)

I . -

- where s(t; \) - as is above, the completely determined signal, i.e.,

the signal, which represents during each given transmitted

e ]
communication N the known function of time.
Page 54.

——lp
Initial phase ¢ is assumed/set the independent (from A) random
variable, evenly distributed in interval of 0, 2x. In addition to

(2.47) and (2.48) let us introduce the designations:
- 2 Ts -
1, @ =g fu s (6 Har=
.

Te
= Uju (t)8(ti ) s (6 3) di,dt, ] (2.54)
T

and

Qi =y 7@+ @ (2.55)

® = arctg ﬂ.i_“-
q)
Here and subsequently, analogous with that as this was accepted

in (2.47) and (2.48) into brackets consist expressions, which relate

to general case of correlated interferences.

.......................................
..............................
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Taking into account, that

q(@)cosp+q, (3)sing = Q (R)cos (#+ o),

i we find
pll)= ‘zl?f Pl g)dy=
']
) 2- .
' = kexp [—n(D)] 5 5 exp [Q (3) cos (@ +-9)] 07
or
’i _ P(u]|d)==kexp[—n(3)] /[, Q(2), (2.56)

where I, - Bessel function from pure imaginary argument.

Page 55. -
. * [} . I3 .
Function Q(\) according to determination of (2.55) is modular
- -

value of complex correlation integral Q(XA):

. - - - [ Te . -

QA=g@+ig B=g [ui*: Har=

T
T,
l . . -
= o | 4(6)8(t; ta)s*(ts A)dtidty |, (2.57)
[+ 1

where u(t) - complex representation of oscillation/vibration u(t)
adopted. With the reception of signals with the unknown initial phase

function Q(g) plays the role, analogous to function qr;) with the

reception of the completely determined signals. In particular,

function Q(f) is sufficient statistic and can be accepted as the
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. ﬁ . 13
output effect of optimum (when u(A)=const) or sufficient (when
>
u(\)=const) radio receiving equipment. .
_ZE ) Signal with unknowns by initial phase and intensity. In this .
E o case
s(t & 9 o) =Re [se*s ()] = 4
v
=es(t; A)cosp4us (5 Ysin . (2.58)
3 Let us record the function of plausibility for the entire set of the
-y
random parameters of signal -):, o, €3 3
) 1
P@|, 9 8)=kexp [—e'n(d)+ «Q (%) cos (B +9)).
. Sy
The standardization of the parameter of intensity e let us select by ) -
such that <e?>=1. In this case u()) presents the mathematical ]
expectation of energy relation the signal/noise: )
. ey
Ty _—
n=/"L T - .
T L
1 Ty - - '
=[<'2-”S (i 49 )B(t; ta)s(tes & c)dt,dt.>]. (2.59) i
. T, L] -
Page 56. -]
=
v . - -
Averaging of function p(ufX, ¢, ¢) on ¢ and ¢ in the case of
Rayleigh fluctuations O
-
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1 (ll - .
5=— pn 9 0; 2=,
= ()= {2" > . (2.60)
O npu 9&0; 2=,
Q
__ [2sexp(—e*) apu 6=0,
Pl { 0 nEn <0
- Key: (1). with, .

. it gives [11, 45, 58, etc.]

s s el - - .
- p(u“’)‘——a_—QXP o1 2.61 PR
: rA+ 1 [4 p(l)-i-l] (2.60) J

As in the preceding case, as output effect of optimum (or

sufficient) receiver can be accepted modular value Q(-)\') of complex N

F correlation integral (2.57). This possibility is retained also at .

A other laws of distribution of the parameter of the intensity e [49]. .Efizijf:

h Y

a

Incoherent packet of signals. Signal in this case takes the form —

- of the sum -

et -]

t:.i - . - o - ]
E stk o)=Y asi(ti 4 9= .

A i=] 1
Ff" . =2 8.5¢(f; -i)cosqn-f-nsu(t; i.)sin P, (2.62) ]
T.’: izl 9
% of mutually orthogonal signals s« so that
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. -
: i
. 0 1 - . 1
T | sl & 0y (6 4 py)dt = R
_. T, ]
: T, - .
Do =[[[set 3 20005 t)s, 00 T oy ana, |=
T,
o - 7} b
- ={Pt (&) npy {=j, (2.63) . S
l v 0 npu iskj. C
3 Page 57. ~1
- .4
! Initial phases ¢i(i==1,...,n) are random mutually independent 1
variables, evenly distributed in interval (0; 27). To the class of L
T
; signals in question relates, for example, incoherent packet of the T
! repeating signals ' ' T_f:
- =~ . - S
= sl ki p)=s, [t — (i — )T & 94, (2.64) i

widely utilized as the model of the echo radar signal. Elementary

signals si can differ from each other also of carrying by frequency,

form, type modulation.

After averaging on basis of random parameters ¢u. ..., ¢« function
- —>
of plausibility p(u|A; <) for measured parameters and set of
parameters of intensity is equal to
p@IL oy=4Y exp—ep(d) 1, (0QRF).  (2.65)
i=l

Function Q:(x) - modular value, complex correlation integral for

DA - (ETIH M
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elementary signal s, - is determined by means of (2.57) under

condition of replacement s and s.

Depending on the static characteristics of set of parameters of *

intensity e==e, ..., tn three models of incoherent packets of signals

4
l are distinguished.
.. 1. Systems with signals of fixed/recorded intensity. In this
t 4
= case
ke 4
G=..=g,=1 (2.66)
R pa)d)= kexp{—,.(I)+ Y ia, [Q‘(I)]}. (2.67)
i=l ——
E where »(4) - complete energy relation signal/noise for the received ]
- )
X signal, -]
- -
. # (@) =y R) ... + pa (1). (2.68)
“ A
) 1
Y ]
- f
), :
o g
,.-. -4
R
> -]
3 ]
- i
. _1
e ‘ ]
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°
°
Page 58. _
B
. With accuracy, sufficient for practical applications entering - ®
into (2.67), the sum is equal to X
L -i
n frsz:nme:<l (s <€ 1), B
Inl,(Q) = i=1 2.69 [ ] 4
I=I. ’ ‘ % "\ @ ( ) ’
: ?:‘Qi op Qi 2 1 (ne > 1) }
Key: (1). with. '
St ——
e
2. Systems with "harmnious" fluctuations of elementary signals. ;5Jif
All parameters of intensity are equal to each other &= ... =¢n=e and iif?;
it is random variable with the assigned law of distribution p(e). In ™ f,4
this case ‘ ’ '{j
- - o - n - N
plalh= kfdg p(s)exp {—mm—g In1, [:Q‘a)]}d--
i=l e
) (2.70) o |
3. Systems with independent fluctuations of elementary signals. RS
All parameters of intensity e, ....ta are the random mutually
independent variables with the identical law of distribution p(e,;):
- - n @ . = -
pld)=kf} | plsg)exp[—m (A [, [eQi (1) der. (2.71)
=i 0
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Assuming that parameter of intensity is distributed on

Rayleigh's law, we find

- -of) k '._‘ -‘
pluld)y= — — X —
e Q) 1] - fra (M) + 1]
SECHL
Xexp [+ 2 -—,(—- ] (2.79)

eyl M+ . :
II 2.4. Structure of optimum systems. j

; In preceding paragraph functions of plausibility and optimum
ij output effects of radio receiving equipment with different models of o
1

signal were determined.

i ' Page 59. i =

anaanlada.ca

Now let us examine in general terms the structure of the optimum

diagrams of working/treatment on the assumption that the additive ';j
interferences are not correlated, i.e. they are determined by EORY
.'J

relationship/ratio (2.3). For simplicity of reasonings we will assume

.

that the measured parameter )\ is scalar. With the completely ‘

LA TTITA T T 6
’ Lt e
- ¢ 0 a8 8
.
A aaa’

determined signal as the optimum output effect of Y(X) it is possible

. k
s R
Eﬁ to accept the correlation integral 'ﬁ
b3 - 1

Y(A)y= \u(t)s(t; 2)at (2.73) ,
- ] h
- or any informational equivalent (2.73). Taking into account, that -3

function s(t; A) out of the integral (T,, T,) is identically equal to

zero, integration in the correlation integrals here and subsequently
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3
).
is propagated to the infinite limits. The reproduct.on of function - _".':
Y(A) in entire a priori interval 2 (Awu Awuc) technically is 4
difficultly realized. An exception is the case, when the parameter A ) R
is the delay time of signal or the parameter, linearly connected with 1
the delay time. In all other cases is reproduced not the continuous
function Y(\), but the totality of its ciscrete/digital values ) ]
Y(A). ..., Y(aw) in interval A€ (A, Muaxc). Tte system of optimum
working/treatment in this case is constructed according to :
multichannel diagram as this shown in Fig. 2.1. y ]
S
P
U
'_'"._1
"
)
<
-]
T
SR
)
=
g
L
o
...... .\w

PGPS I W PR PRI A DR R PV AP AP Sl S WP Sl Sl Wl SRS SR




—— R P e ——— T T— e e e R DRI A A S A A S S

DOC = 84150202 PAGE _gé

Y

Sste, A .at

Py —

Ssit,Am) . at

_—

Fig. 2.1. Multichannel diagram of optimum working/treatment.

Page 60.

In each channel above oscillation adopted is realized linear
operation/process - formation of correlation integral (2.73) with
E ' fixed value of parameter A=A, (i=1l, .., m). Output effects VY,=VY{i, of . —
3 all channels are fed/conducted.to resolver RU, which makes decision .

of A* the maximum of plausibility. M number of the discrete/digital

values of the parameter A\ or number of independent channels of i
working/treatment is defined, as this will be shown subsequently, by
concrete/specific/actual signal aspect and by length of a priori
interval Awacc—Awm. The simplest and general/common/total .
consideration is the fact that the selection of discrete/digital

values Y(M), ... Y(Aa) must with the accuracy, sufficient for virtually
optimum making of a decision, reproduce function Y(A) in the interval

of possible values of A.
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Depending on method of.formation of correlation integral are
distinguished two equivalent methods of optimum reception:
correlation method and method of optimum filtration. The block R
diagram of one channel of reception with the correlation method is
shown in Fig. 2.2. Diagram consists of the device/equipment, which ;
generates the multiplication of oscillation accepted by reference
oscillation s(tAi). which coincides in the form with the eipected
signal, and of the device/equipment, which realizes integration of
product. With the second method of reception (Fig. 2.3) basic element
is optimum linear filter OF with the pulse response (i.e. reaction to
the input effect §(t))

R(t)=Cs (t, —t; L), (2.74)

which is the mirror image of signal s(s; ;) relative to axis t=0,

shifted to t,. Coefficient considers the possibility of the selection
of arbitrary amplification. The temporary displacement t, also is to

a considerable extent arbitrary. ]
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v
Fig. 2.2. Schematic of correlation channel of working/treatment.
. .
Fig. 2.3. Diagram of formation of correlation integral by optimum
filtration. EE
' “ .
Page 61. - -
N The sole limitation, which is superimposed on it - this is the
o condition of the physical realizability of the filter
% h(t)=0 with. ¢<0. (2.75)
“ If input of optimum filter oscillation u(t) enters, then output -
effect o
0 0 . L
v(t)= Su(x)h(t—x)dx:C Su(x)s(x-{-'_to—t; i) dx .
—a0 -0
(2.76)
at moment of time t=t, is value of correlation integral Y(i). When
the useful parameter is delay time s(t; \)=s(t-7), the output effect
e e e e T e e N L e
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of the optimum filter
P

v(t)=C g u(x)s(t,+x—t)dx (2.77)

in interval (E€(f,4 tuw fe+ waxe) reproduces the correlation integral Y(r)
for all values of time delays interval T€(Tmun Twue). The method of
optimum filtration, therefore, in the case, when the measured
parameter is coded in the time delay of signal, provides the
formation of continuous output effect with the use instead of the
multichannel schematic (Fig. 2.15 of one chénnel of reception (Fig.
| 2.3).
i [

In random phase of received signal (and also at to random phase
and intensity) as optimum output effect of arbitrary i channel of
processing it is possible to accept modular value of complex

correlation integral Z()=

X0

=\/[ ?u(t)s(t; A ?)d‘]:"'”“(t)sl(t; i ]
e = (2.78)

where s(t; A; 9) ~ signal, which contains two parameters: measured A\
| and immeasurable ~ initial phase ¢; s. (t; \; o)function,
conjugated/combined (actually quadrature, i.e. out of phase on 90°)

| with respect to s(t; \; o).
Page 62.

Correlation method of formation of optimum output effect (2.78)

RTRR, - . e e e
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is represented in Fig. 2.4. Diagram consists of two quadrature
channels, which form correlation integrals Y.=Y(M) and ¥, =Y (A). As the
supporting/reference oscillations are utilized oscillations s{&A;

o) and s.(t; A; o). Outputs of both channels are fed/conducted to

the device/equipment, which realizes an operation/process wa+4fL.

Fig. 2.5 shows by filter method of formation of modular value of
correlation integral, which is reduced to transmission of oscillation
u(t) accepted through optimum filter with pulse reaction (2.74),
which followé linear amplitude detector D, which realizes operation
of obtaining by envelope applied to its input oscillation. Initial
phase of pulse response (2.74), just as the supporting/reference
oscillation s(t; Ai; o) in the diagram in Fig. 2.4, arbitrary. At the
momeht of time t=t, at the output of system‘(Fig. 2.5) optimum output

effect (2.78) is formed/shaped.

......................................
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Fig. 2.4. Fig. 4.5.
i Fig. 2.4. Schematic of optimum correlation channel of processing '*’
i signals with random initial phase.
" Fig. 2.5. Diagram of processing signals with random initial phase by L
method of optimum filtration. ‘ iiﬁﬂ
Page 63. -L;

If the measured parameter is coded in the time delay of signal,
single-channel diagram in Fig. 2.5 again reproduces the continuous
output effect of Z(r) on entire multitude of possible values of the

measured parameter r. The need in the multichannel diagram in this

case drops off.

T4

-With reception of packet of incoherent repeating signals in the

...........
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case, when delay time (A=r) is measured parameter; according to ]
(2.67), (2.69) and (2.72) optimum output effect depending on value of ]
relation signal/noise for elementary signal and on character of ij
fluctuations of intensity can be represented in the form f

Z(xy)= i Zyr—(i—=1)T,) (2.79)
= .
or 4

2(=)=izg [r—(i— 1Ty, (2.80) T ]

where Z,(7) - envelope (/) of oscillation at output of optimum

filter, matched with elementary signal s,(t): -

4

Z,(z)=l[°§ u(t)s, (t—t)dt}. (2.81) J

—o - 4

Examination of expressions (2.79)-(2.81) makes it possible to . .

conclude that optimum processing of incoherent repeating signals B
consists of intraperiod and interperiod processing. Intraperiod

working/treatment is reduced to the optimum filtration of elementary —#f

signals and to the linear (2.79) or quadratic (2.80) detection. In K

the process of interperiod working/treatment it is conducted the ,g

addition (accumulation) of the oscillations, which enter from the - |

output of the detector through the intervals of time T,, equal to : j

repetition period. In the general case the addition can be conducted ' ;;?5

o

with certain weight coefficient vwi=v(iTs). For the realization of this

[ N

operation/process the summing or storage device/equipment must be

linear system with the pulse reaction

ho()=Y(t)
[}

o’

It

Y & (t—iT,) (2.82)
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Function y(t) plays role of cutting function, which determines ;““5
effective number of additions. In particular, in (2.79) and (2.80) _

1

T L S

'{(t): l npd t.‘ O@Ht<ltr.,- (283) - i

0npn t 0™ t >aT,. ° 4

v 1

Key: (1), with. (2). and. ]

Designating Fourier transform (¥) of cutting function by symbol ® '1

rH (rNH=Fiy)). we find that frequency characteristic of storage - N
system H(f) is equal to *5ff

(5 ] - 9 »

H=F ml=r Y r (I—r) 84 o

is—00 .-'_:?-;:Z-._':.

and has type of rack/comb, depicted (in initial section of positive ?fé-;

semi-axis f) in Fig. 2.6. Therefore the diagrams of the accumulation 5‘1;4

of the repeating signals are called also comb filters. Form and

bandwidth of the separate racks/combs of optimum comb filter are

determined according to (2.84) by form and by the effective .li
duration of the cutting function y(t). With the rectangular cutting

functions (2.83) rack/comb they take the form

-
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Fig. 2.6. Frequency characteristic of comb filter.

Page 65.
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It is possible not to worry about a precise reproduction of the

optimum form of the racks/combs of filter. Essential losses in this S

case will not be. It suffices to ensure virtually their optimum

?; width, approximately/exemplarily equal to reciprocal value of the ] ;
o . s : : : , ]
. effective duration of the cutting function, with the arbitrary form B
;; of separate racks/combs.

L

1

RN

As example let us give diagram and characteristics of one of : o
- . 1
simplest comb filters, depicted in Fig. 2.7. Diagram consists of the :
linear quadrupole K and delay line LZ, connected with regenerative

feedback loop. The transmission factors of quadrupole and delay line

are equal to k and B respectively, and delay time in line (=T, ;}
Transmission factor on the ring of feedback Bk is expressed through fﬁ
o
-1

----------------------------------------
.......
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the auxiliary coefficient a:

-
[

.

.

‘
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Be=e""T(Bk < I)

r
° a= 7-In3k.

Then pulse reaction % (f) of the considered/examined system will take

. the form o |
ha()=k(8(t)+e™5 (t —T,) 45 (t —2T,) +...| = -]
o o
=ke—""\‘_"s(t-ir,)., _ .
=0 - ,J
* |
We respectively find the Fourier transform of the cutting function ' ;
0 st E
— —al —j2xfl ;, R | IR
r(f)—;ke e dt—Tﬁ '2" . :
+i5 N
and the frequency characteristic of comb filter, substituting ¥
latter/last expression in (2.84). 1f7ff
—
»
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Fig. 2.7. Block diagram of comb filter.
Page 66.

i Separate of rack/comb filter reproduce the frequency characteristic o
. of single resonant circuit with the passband P (at the level -3 dB),

equal to a/m. Consequently, the bandwidth of the separate racks/combs

i. of filter is connected with the transmission factor on the ring of . :fi:
é feedback with the relationship/ratio ]
8 = exp(— =0IT,). B
i The given examination makes it possible to conclude that optimum f*;i

filter (rarer, the correlator) is fundamental element of optimum

system. The methods of the synthesis of optimum filters for different

R S R A

signals, including for the signals of complex form, are at present . )
developed in sufficient detail [25, 58, etc.]. If it is not possible fé
é to approximate additive interference by white noise, the pulse E?
; response of the optimum filter f?
h(t) =a(l—te; A) (2.85) <]
E and reference signal o(t, A) optimum correlator are determined by the ?
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.
relation L
T R
it = [8(t t,)s(t; Vdt, (2.86) T j
i o
[
which does not change the essence of the task of guaranteeing the
optimum reception. %

2.5. Signal functions and ambiguity function.

> >
Let us examine form of the function g(A) and Q(A), which

determine output effect of optimum receiver, for which in more detail

-»> -
let us assume that true value A in realization u adopted is equal to

-

An. A 4

Page 67. :ffﬁf

...'.

»

Then in the model of system with the completely determined sigjnals -]
u(t)y=s(t; 1,) 4 n (1) (2.87) )

i and L

1) =g,y D40 @, (2.88) R

where lfﬁ ;

’ 1

o
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©
- - D] - -
s “'n; l) = V‘_ S St Ay sl D dt =
-

kel
=Uis(t,; )0t t)sits 1) dz.dz,]; (2.89)
- o 2 -
n A _—_-—f— M i p—d
n(d) y’:Ln(Hs(t ) dt
- -]
-=[i£n“deﬂﬁtgsﬂﬁlﬂﬂﬂh} (2.90

Function ¢,(4; 1) is useful or signal component of output effect,
whereas 4,(1) - noises, which mask signal function g. at the output and
which are normal random process with zero mathematical expectation

and with correlation function

<qn (-il) qn (Ia)) =

4 ky - -
=WL£ () (L)) s (L )5ty o) dt dt, =

= ”f” ((t)n () B(ty; t)B(ts t)s (b L) s(te: 1) x

X dt,dt,dt,dl,] =qu(ly 1), (2.1

of that coinciding in form with signal function g,
Page 68.

The ratio of the power of signal component of optimum output effect

to the dispersion of interference component at the point of the true

.......................................

—— n g

[Rs—

. » .
PRSP |

e o




T e T T e - - — -~ T T T —— YV ——r—r—v—¥ —

v 3

DOC = 84150202 PAGE wq

value of the parameter (=)

.‘.z )\u ku i
' GO o7 2.99)

ii @ i i
' is equal to the doubled energy relation signal/noise at the input of

system.

In theoretical models of communication systems essential

-
parameters of signal A in majority of cases are such, that signal

function is symmetrical function of difference in its arguments

PR SR MY S

Gl Iy=q (L —d)=q@—1) (293
> -
and has maximum (maximum maximorum) in zero A,-A,=0, equal to 2u:

9+ (0) = 2p = Max. . : 1

Condition of nonenerggtics of parameter-i is necessary, but not i%ﬁ
sufficient so that signal function would take form (2.93). It is not %E;
T

difficult to show (by the expansion of function s(t;.a) in (2.98) in *‘ﬁ
the power series in the vicinity of point i=1,), that during the _'j

-
transmission of the scalar parameter A=\ relation (2.93) occurs, if
not only energy of signal, but also energy of all its derivatives

from the parameter does not depend on A:

T (W s(f; 1)]

=[ﬂ'§ﬂ's“'; D8 (b t) 2o s (b )t dt; | =

=k (=0, 1,..). (2.94)

PRI .
dad bl dsd

sk

Page 69.
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Condition, analogous (2.94), can be recorded, also, for vector
parameteriz. Subsequently we will call the parameters of signal';,
for which is satisfied condition (2.93), substantially nonenergetic
parameters, and the signal functions of form (2.93) - by stationary
type signal functions. The substantially manpower parameters include
the temporary/time and frequency shifts/shears, which determine raﬁge '
and velocity into the radar, and also other parameters, mapped into
signal by means of frequency and phase (temporary/time) modulation of

harmonic oscillations or periodic sequences of

impulses/momenta/pulses.

Above has already been noted that in majority of practical
applications/appendices received signal has random initial phase. In
this case as the output effect of optimum (or _ufficient) receiver D
instead of q(;) should be accepted Q(;). Let us assume again, that
-

the true value of the set of the parameters A in the oscillation u(t)

adopted is equal to 7w Then

Qi =y i +a D=
=V 0o Db 0a G+ 14, s D+, B (2.95)

-

Functions %L(Z;i} and ¢, (3) are determined by expressions (2.89) and

->
(2.90), in which it is necessary to only replace s(t;'x) and s(t,; Q)

’

...........................................
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by s, (67 and s (t; 1.

Let us further introduce determinations of complex signal

function

-

(A 2)+jg,, Ay k)=

St ) S*(E L)dt =

=H'j's(t“ 2)0 (4 ) $*(ty; 1y dt,dt,} (2.96)

—ln
of its modular value
Qa(-ix; 5'.!)=' Qa (-il; I!H:"/qu (-il; iz)‘*‘qiL (i,; i:)

) (2.97)
and interference component of output effect
Q. (-2..) =gy (_i)cos [f?-(-in; 7.)] +'an (1)sin & (7."; 7.}]. (23R}
where
ers [p (T 1)) = "-_(M
Ql (All' K)
sin [p (L 2)] = ”—L,(-A-—f-) (2.99)
Qs (Ans A}
Page 70.

For normal work of system is required considerable excess of

signal above interference: (k) > 1. Respectively, taking into account

(2.92) and utilizing the introduced definitions, instead of (2.95) we

obtain

QD =Y @ w H+2Quik HQuiD+ ¢ (D, D
[Q s D+Qn(h)

%11/43

h en IE v (lu)v
whend Ev(d,).

(2.100)

-
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Again output effect Q(K) in vicinity of evaluation/estimate or
of vicinity of true value of parameter i, is of sum of signal Q,(%; i)
and interference Q,(.) of components, interference component (2.98)
presenting normal random process with zefo mathematical expectation
;nd with correlation function

(@n (L) Qn (1) =Qu(Ty %) with &, 2, €0 (4,), (2.101)

that coinciding in form with signal function Q.. During the
conclusion/output of approximate relationship/ratio (2.101) there is
conducted the expansion of functions ? Ay i) and ?(%; 4,) in the power
series in the vicinity of point 1, with the
retention/preservation/maintaining only of the linear terms of
series/row. It is possible to also use approximation for the combined

—’
random number distribution Q(Y,) and Q(X,) in the large ratio u« [32].

Page 71,

The ratio of the power of signal component Qf(ﬂ;ib to the dispersion

-
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of interference component (Qi(ld) is equal to u(i,. it coincides with

(2.92).

Before drawing some practical conclusions, it is expedient still
to examine form of the function of plausibility (2.42) and (2.45) in
vicinity of evaluation/estimate A,.in relation signal/noise,
sufficient for normal work of system (u>>1). For simplification in
the writing of formulas we will assume that the totality X
encompasses all random parameters of signal, including unessential,

if they are. [n the vicinity of maximum likelihood estimate

Im (Am=Ami, - .. Amn)

st st 1)+ Vi~ 1,0 o= s (6 Lok 1€0(L,). =
‘ (2.102)
Substituting (2.102) in (2.42) and (2.45) and taking into
account system of equations of plausibility f%‘
o

]

= ﬂﬁdM—wUuimem;mj%quﬁle

g___ﬁ

u(t)—s 2 )]-0:—‘5(!; i) dt =

-Xﬂm4=0(hﬁ“mm, (2.103)
we obtain approximation

p(;|)?)=lz exp [—lT E Afj(’lt‘—lml) (lj—lmi) ,

i, j=i

1E€0(y), (2.104)
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0
2 . - ) -
AU =y j‘ T‘R': S(l; Aw) ‘L—S (l;‘lm)dt =
-

[}
"
S
i
Pe
~ .
-
SN
.

' where . Y]

L.,_ 0

Ls D sl T8, )= sty 4, dld 2.105

»': ‘-'—'[SSWQ( " m), (y ’):—)A_,'s ta 4,,)dl, {:]- (2. ’)

o) Page 72. - -
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In [49) is given another useful approximation of function of

plausibility:

pu] 5:)=k.exp[—7ﬂ;(-i‘),+:qs'(l;; R A€EU(n), (2.106)

which has the same level of accuracy, that also (2.104), and in

region'ie v(bm) coincides with (2.104), if only there are that

figuring in (2.104) derivatives. When some of the parameters'? are
unessential, expression for the function of plausibility for the . —
essential parameters is only obtained via éveraging (2.104) and
(2.106) from the unessential parameters. In particular, if totality‘x
consists of the essential parameters'K and one unessential - initial ot

v 9
phase o( A=\, o), then averaging (2.106) on o gives
pa) D)= kexp [—p @)/, QT D], 1€V(An).  (2.107)

Consequently, in vicinity of evaluation/estimate i, function of

plausibility in large relation signal/noise u, in the first place,

.
k
8
B
b
a
N
»
2

has character of Gaussian curve (or of Gaussian surface):; in the

second place, it depends on realization of oscillation u(t) adopted

not directly, -but only inasmuch as on u(t) depends maximum likelihood

-

estimate Am.

......................
............................
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For approximate representation in vicinity of evaluation i, of
function of plausibility or other output effects of radio receiving
equipment, for example functions q(;) and Q(K), in expressions, which
determine these functions, should be replaced realization of
oscillation u(t) adopted by signal s(f i,) either s(5 iw; an), whose
parameters.K or ;, :, are taken as equal to parameters fnor 2., 2. at
point of maximum plausibility. In the vicinity of evaluation/estimate
the output effects q(z) and Q(;) coincide in the form with signal
functions ¢,(1.; 1) and Qs (Zm; 2), by somewhat displaced due to the
presence of interferences in all axes ,..1, relative to the true
value of parameter A, relative to signal functions ¢, (i, 1‘) and Q.(i.; 3:).

formed from actually/really received signalsﬂ:i) From one

realization to the next the bias/displacement (or error) im—i, is

changed.

Examination given in present paragraph indicates very important
role of signal functions q¢,(i; 1, and Q, (A -l.,) in communication systems
in accordance with completely determined signals and with signals
with random initial phase. These functions determine signal component
of output effect (response of system to the useful signal),
correlation function of interferences at the output of system and

- -
form of quite output effects q(A) and Q(A) in the vicinity of

..........................................
PPN
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evaluation/estimate for the optimum systems. For studying the form of
signal functions ¢, and Q, in the pure form, independent of their

intensity, are introduced the normalized signal functions y and |¥|,

called functions of indeterminacy or correlation functions of the

signal
.7 s ‘-iﬁ }T)
"P(ll; 12)———'- ——‘—_:*—’—-_—T— (2108)
- V‘ql(}‘l; At) o (Ag; Ae) ]

with the completely determined signals and

Qe (Ry: ) !

I‘?(Il; ):)\—_—_‘F(I,; ):,)= e
Qs (Ai M) Qe (Aa; M)

(2.109)

with the signals with the random initial phase or with the random

ones by initial phase and the intensity.
Page 74.

Especially wide acceptance find functions vy and Iﬁl in different
investigations of systems with the substantially manpower parameters.
In this case the correlation functions of signals (ambiguity
function) take the form of the functions, which depend on a
difference in their arguments:

0
Ssu;h)uni,+ipu
PR = ==

(2.110)
Sﬁu;ﬂdt
-0

and
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” . - .
_ l S S(6; Xy; @) s* (1 X, + A ?:)rl'!
T =)= EERREEY

b4 .
S Fs(ts A; 9)[2ut
-

2> > >
Ambiguity functions ¥( \,; A,) and $(\) are modular value of

4

-

complex ambiguity functions @(R,; A,) and %(;), which are
mathematically determined by the same expressicns (2.109) and
(2.111), if we in theﬁ drop/omit modulus sign. Ambigquity functions
are calibrated in such a way that they are équal to one-with
coinciding arguments (§1=§,> in (2.108) and (2.109), and also with

[} -»>
the equality to zero arguments (A=0) in (2.110) and (2.111).

> o
For space~time signals s{t; r; A) signal functions and ambiguity
functions are determined analogously. Difference consists only of the
fact that integrals on the time should be replaced the integrals on

. » * ’
the time and three-dimensional coordinates r.

->
In other words, should be replaced t by z=t, r and (&€ (T,, T,) on

e (tE(Ty T T€2).

Page 75.

Potential possibilities of system are determined by energy

relation signal/noise and form of the function of

]
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uncertainty/indeterminacy. For the explanation of latter position,

and also in order to establish/install some considerations, by which

F W N )

i are guided during the selection the waveforms, let us examine the
task first important from a fundamental point of view of

distinguishing the signals, first of all of two signals.
2.6. Discrimination of signals.

Task of distinguishing signals simulates broad class of o
communication systems, and results, obtained during solution of this
problem, subsequently will be extensively used. Task is formulated as
follows. The ensemble of the received signals .

sO)=s(t L af.is, (=s(6 1, 3) (2.112)
reflects finite M number of discrete/digital Efi

communications/reports 4,.., 4, Values 4...,4, are fixed/recorded and oo

. > . .
previously known, a - unessential random parameters of signal. At the

. _) -
completely determined signals the parameters a are absent (or are SRR

previously known). In this case the discrimination is called simple

in contrast to the complicated discrimination, when received signals

8"aa o~

Si, ... sy contain the random unknown parameters 3. Are assigned: the i}-l
statistics of interferences R(t,; t,), usually R(t,; t,)=0.5
N,6(t,-t,); a priori probabilities P, ... Pv of the

impulse/transmission of all signals s, ...sy respectively; the

’
probability density p(a) of the parameter Z. It is necessary in the

..........................................
.............................................
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interval of observation ¢ & (T,; T.) to distinguish signals, i.e., by the
realization u(t) accepted to in the best way make a decision about
what signal is sent, and to give evaluation/estimate to theoretically

maximum qualitative indices of system.

According to presented above in situation in question must be

accepted solution by maximum of a posteriori probability.
Page 76.

In particular, this means that solution s*=sﬂ»ﬁ*=1ﬁ) must be
accepted, if the following system from M-1 inequality is satisfied:
Y Yi(j=1L..... M; j5&i), (2.113)
where Y, ..., ¥, - output effects of the optimum radio receiving
equipment, which are the arbitrary monotonically increasing functions
of a posteriori probabilityl%iJZL For calculation P,y - the
conditional probability of error during the transmission of the i
signal - we assume that the input of system enters the oscillation,
which contains i signal (u=s,+n), and we find first the probability of
making a correct decision (probability of the satisfaction of the
system of inequalities (2.113):

® k-]
P(s*|s)= SdY‘ S Sp(Y‘, e Yylsg X
) ~»

- >

XdY, ... p¥y...dY,, (j=i),

---------------
-

<4
1
9
4
4
4
F
)
R
~ L4
.‘_‘ .:‘
R
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: o
)
4
) J
4
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where p(Y,, .... Yuw|s) - conditional (when s=s5) combined density of the
distribution of output effects Y, .., Yy Probability of error during

the transmission of the i signal

Pmu(—_— 1 —P(s*l,31)=

38

0
dv, { .. [p(r . Yyls0dY, . dY ..dY (i),
-0 -0
(2.114)
Average/mean probability of erroneous solutions Pomcp which
expresses quality of system (during use of criterion of ideal
observer or simple loss function), is determined by conditional

probabilities of errors and by a priori probabilities:

Pnu!.cp'= X PPy«
[

Calculations according to formula (2.114) are sufficiently
complicatéd and not not always feasible in final form. With the
mutual statistical independence of output effects Y, ... v, or during
the normal distribution of these values the calculations considerably

are simplified.
Page 77.

We will be limited by the examination of several particular, but

practically most interesting cases.

Discrimination of two completely determined signals. The




o -
DOC = 84150202 PAGE {9‘
. ‘ Ll
signals, which are subject to discrimination, :
Si{H=s I,) ond s, (H)=s(t 7.,) ‘
are completely known, have the a priori probabilities P, and P, ° f
respectively and signal function (2.89) such, that j
i
o 2w Unppi=j=1, !
. s (X 2.,)='J 2my npm i = j =2, (2.119) ° :
: l.z Viap apni-&js i, j=1,2 i
Key: (1). with. 1
: {
e {
Coefficient o’ correlation ¢y and energy relation signal/noise u
are determined by means of (2.108) and (2.48), and utilized below
> -
functions q(A) and g¢.(x) - by means of (2.47) and (2.90). > |
As optimum output effects let us select numbers Y,-and Y,, :t:ff
- - . - ""'"d
Yi=inPAdu)y—lnk=—u 4+ q@)+InP, (i=1, ), »
and, after supposing that the input of system signal s, (u=s,+n) f
enters, i.e., that i}f .
: . Y,=p.l+q,,(1.,)+lnP,, [ . )
Yi=—w+2Vimb+9a (3)+1nP,
let us find probability of satisfaction of inequality Y,>Y, or
inequality » !
i - - ‘..‘;-.
| In(R) = Gn (30) > + e — :'_‘.:A
| —2Vmmy+In 1,:“. (2.116)
| '
t S
) - RN
{ Oy
i > 'j:'jﬁ
e e L o e S e s RSB
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Page 78. ;
‘ Y
"~ J
=
i This probability is equal to the conditional probability of erroneous T
§ solution PM“==PG*ASJ-Valueqnan-—qnﬁdv which stands on the left side
) (2.116), is normal random variable with the zero mathematical
N ) :
i expectation and the dispersion )
([gn (1) — g (L)1) = 20, 4182 — 2 Viss . :
Consequently
— .
Ponn= | — V oy 4 e —22 V iad +
In & -
P
B L — (2.117)
' V‘Z (3 + e — 2V pypaad) Y
BB
Here and subsequently $(x) - probability integral _xfﬁ
L h o
®(x)= "“S e ‘dt. e
. V',_n—w - A_..:
It is analogous, '
SR
Poms =1 _o[‘/ ot =2 Vineet | S
In ik e
2
+——
v 2y + 1y — 2 V ped)
and |
Pya cp = P\Pyny + P:Poms :‘j]
With equality of a priori probabilities ﬁj

P\=pP,=05 (2.118)

...........................................

............................
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Akt o o

conditional probabilities of errors P,m and P.,n, are equal to each

other,

Pom|=an2=Pom» . '.a

and they coincide with average/mean probability of erroneous

solutions Pomcp:

P,...c,=P,,,,,=1_wh/"‘“"2“’“"“*] i2.119) 1

independent of relationship/ratio between energies of signals.

Page 79.

PP I .

Obtained result (2.119) can be also represented in the form

Pol..cpz.-Pom:l—rp(]/"‘_?_,‘-'-), (2.120) , "j
Ei where 1w - energy relation signal/noise for equivalent signal ,E
> Soen (1) = 5, () — 53 (1) (2.121) ?1
) and to interpret so that average/mean probability of erroneous mmj

solutions on this interference level depends only on energy of -]
equivalent signal. From (2.120) and (2.121) it is possible to draw a
useful conclusion. If it is necessary to distinguish two signals

7 s,(t) and s,(t), that coincide with each other in some time

Adeib ik

S
:; intervals, then for the discrimination only the noncoincident part of A
1
the signals is utilized, whereas energy of the coinciding part is ]
o lost uselessly.

ol
PSP

With fixed/recorded medium energy of signals

Y oy

p=Pp, + Pp.=0.5(p, +p,) = const

,.,‘.," .
AP R )

A

S a el e s
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smallest possible value of mean error

- Potip=Pux=1—D( ) (2.129)

is obtained with u,=ux,=u and y=-1, i.e., with opposite signals
s,(t)=-s,(t), characteristic for binary systems with phase

F manipulation.

With orthogonal signals (y=0), characteristic for binary systems

E: with frequency (u,=u,=u) and amplitude (u,=2u4; u«,=0) manipulation,

:; average/mean probability of error

Pw.c,,=po,,,=t-~«p(|/@)=1—(pu/;) (2.123)

Fi depends on this interference level only on medium energy of signals -
! 4, but not on how this energy is distributed between signals s, and

; s,. From the given relationships/ratios it follows that the

i. use/application of opposite signals instead of the orthogonal ones -
i

makes it possible two times to decrease the energy of signals (or

relation u) with the retention/preservation/maintaining of the

Pﬁ constant/invariable probability of erroneous solutions.
éﬁ Page 80.

[

|

Obtained formulas (2.122) and (2.123) can be also used for

calculation according to given one for this system of maximum

.....................
o . ..
.........................

........
- e




/7
DOC = 84150202 PAGE Q;D

permissible average/mean probability of erroneous solutions P.wan DY _;;gﬁ

assigned reliability of discrimination of signals, minimally
distinguishable relation signal/noise pwn called also threshold. T
Thus, for instance, from (2.123) we find the minimally
distinguishable relation signal/noise for the systems with the
orthogonal signals:

taene = [Arc ® (1 — Py aan)l® {2.124)

Here and subsequently symbol arc designates inverse function; so that

if y=0(x), then function arc & expresses dependence of x on y. R

Possibility of substantiated calculation of figuring in formulas -

of range of radio communication minimally distinguishable (threshold) .
relations signal/noise or threshold signals is one of fundamental ;;gfﬁ
results of statistical theory of connection/communication. E?iﬁ

| 7

For obtaining comparatively reliable discrimination of

orthogonal signals s, and s, from P,, order 10-° and less according to E
(2.124) energy relation signal/noise must be u>9.6. The latter .-? :
confirms one of the initial assumptions of the theory of the | i
estimations of the parameters of signal about the considerable excess 5§Fj
of the signal above the interference under working conditions of the v-‘ i

functioning of systems, since the evaluation/estimate of the
discrete/digital parameters is identical to discrimination, and the

estimate of the continuous. parameters can be treated as the '

.............................................................................
.........................................

.............
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- discrimination of the correlated (differing Llittle on'K) signals. In

this case one should emphasize that the discussion deals with the

ot
.4 *, tyt .
PP ) el

energy excess of the signal above interference (u>>1), whereas

—— PR R Ao
. EA A LN
f S

relation signal/noise according to power input of system can be any

and, in particular, smaller than one.

Discrimination of two signals with random initial phases. During

the discrimination of signals s, and s, with the random initial

LRGN LM e
PR . T
Lo A ..

phases (incoherent signals)

F—I’ l
. i}
AR

sit)=s(t: ki p)=s(t L)cosp+s (1: 1,)sinp,
s:(8)=s(t 2,; P)=s(; -i,)coscp—i-sl(t;.ig)sinq: )

the measure for the correlation between the signals is the . —d

., o
k ' DS
. R

coefficient ¥, determined by means of (2.109) and (2.111).

P

Page 81. —

7

(ol AL A A A v
A i
‘ L S L .
R R R

N Y]
.

v 4

Conclusion/output of approximation for average/mean probability

s
P
a4 At

‘ﬁ of erroneous solutions P.mcp 1in this case virtually repeats recently

made conclusion/output and leads to analogous expressions, in which

PO FUL AU §

only one should replace y by ¥. For shortening of

linings/calculations let us examine the fundamental case, when

signals s, and s, have the identical energy

- - {4 ..
Qs )= {2;. Cnpn i =) (2.125)

0% npu iej (i, j=12)

.....................................
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u |
; Key: (1). with. éri
L oy
=
and the identical a priori probabilities P,=P,=0.5. » 1
: ]
E Then as optimum output effect it is possible to accept values E
Q(;,) and Q()-. The condi£ional probability of erroneous solution » :
during the transmission of first signal s,—P,m in this case will be .;

equal to the probability of the satisfaction of inequality
Q(K,)>Q(;‘), which, taking into account (2.100L (2.101), and (2.125), ‘ :
is converted in o]
Q<20 (1 =) S
vhere Q, - normal random variable with the zero mathematical : ;-—:
expectation and the dispersion . \h
(@) = (Qn(l) — Qu(E))=4n(1 — ). S
Consequently, ’ :;héj

Potep=Pom =Pouy =1 =D/ p(T=T)]. (2.126)

The comparison of approximation formula (2.126) with results of » :
precise calculations [65] makes it possible to conclude that (2.126)  £
it provides accuracy, sufficient for technical ones ?L;?é
application/appendix, with u¥22. For incoherent orthogonal signals ’ ;
(2.126) a somewhat decreased value of the probability of errors ;;%ﬁ?
give:kgowever, in the case of the incoherent uncorrelated signals it ﬁ;}{i
is easy to conduct calculation A,, in the final form according to P-"1
fundamental formula (2.114), which gives E}ig

................................
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Page 82.

Derivation of latter/last formula is omitted, since it is
special case of given below expression for probability of errors in
system with M by orthogonal signals. On the basis of (2.126) it is
possible to draw the conclusion that for distinguishing two
correlated signals with the random initial phases only the
uncorrelated (1-¥) part of the energy of signals is utilized, whereas
the correlated part (¥ - part of total energy of signal) it is lost

uselessly.

Discrimination M of orthogonal signals. We will assume that all
signals, entering the ensemble of transmitted signals (2.112), are
equally probable to:

(2.128)
have identical energies and is mutually orthogonal (they are not

correlated), i.e.,

‘% f Si(l)s3(t)ydt =
e Q)

= -]
-[ﬁmmwr.:/:)sj(mf/f.ritz ={9*‘ ”@" £=1 (2 12m)
Yo 0 nfu i=ej.

-------
......................................
''''''
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.........




e —w —w—w —w o E T T TR TR c T W TR T - T et T &~ - e e e e e
}\_YW-"<*~""'<"‘."'-"-"'\"'-T~ ;;; EaNI RSP il N ‘._.‘ > . R . P . . - R 1
AN S A

DOC = 84150203 PAGE é? . J

e .

S

Key: (1). with. "]

Optimum output effects V......Yy are arbitrary monotonically ® 4

increasing functions ¢ of likelihood ratio S

- “n - - - ' b

. ] Yi=9 {Sp(a)exp [—p.—i— S wit)ys(t Ay 2)dt Jda. (2.130) . 4
A . A

“In view of mutual orthogonality of signals the normal random ]

. —

variables ndnsu;ildﬁﬂ.entering in (2.130), are statistically g 1

independent with different values of index i. Therefore also are
statistically independent output effects Y. ', with i#j. Furthermore,
during the transmission of signal s {«u=s;+n1) all output effects Y,

(j#i) have one and the same law of distribution py(¥;) - the

distribution law for j output effect Y; in the absence on the input
of j signal s;. The law of distribution of output effect Y, when, at .1_ 5

the input, signal is present, s let us designate p. (V)

]
Page 83. 'uj.1
-

Functions pv(Y) and p«(Y) subsequently are called the laws of

distribution of output effect in the absence and presence of signal ,;5f;

respectively. Taking into account the aforesaid, the conditional E;

combined density of distribution p(V,....Y,lsd. entering in (2.114), SN
] .

can be represented in the form

DYoo ¥[8 =Py (YO By (V) oo Py (Y 3) e (Y ) (T 2 ),

- At e - Tel A . T T N RN N R P N e e
LI ~ e T P T I o P I I e S e S N I SRS R SRR PG RS SR S St SR S
At et e at et AN At T et e e R e R L A e A P
h Y *a®tae " at aT e L PR .- - A SN LN “ - - = -
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4
and the average/mean probability of errors during discrimination M of D
E

mutually orthogonal signals is equal to
3
7 y Wi ':

Pnuxcp‘f—'Pom=l— Spm(Y)dY[ S[)‘v(x) leJ .
e 2
(2.131) 4
. 4
With reception of completely determined signals as optimum -]
output effect it is possible to accept =
4
. 2 -]
YH=1%-Su(USJOdf=: o
2 _;,J
==[f5h(n)e(n;tﬂs,uz;dndgl; (=1,...M. (2132 e
- - —
Output effects (2.132) are normal random variables with

following distribution laws: *.,
e
- .y 9 o
py(¥)= Ve exp< T (2.133) k.
[ (Y — 2u)2 "
Psw (Y) = g oXP [‘ +} (2.134) 1
o
Substituting (2.133) and (2.134) in (2.131), we obtain R
1
” ,.'
1 ¥ =V M- .
Pou cp=Pum= ?—;-Sx:'(p[.(__ip_]['b (Y\Iw ‘ay. :w\
(2.135) 7';
B o o s i P A T I S SR NN NN >
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Py

-:. Page 84' .";
re )
23 {
Integral (2.135) cannot be expressed in elementary functions. In
. §4.4 will be given the approximate method of its computation. y
, .
. With reception of sigrals with unknown random phase as optimum 1
output effect it is possible to accept values
] < . - 4
Yi= 'N—-'S (1) 5% (1) dt|-= ‘
-0
t . . ! -
=[7-fp4meuﬁumﬁagm¢g], (2.136) T
‘» B
PR
having in the case absences and presence of signal following o 3
distributions: N
Y y? - AR
Py (Y)=-2—;exp(—-‘—z-x-), (2[31)
- A
pop(¥)= —,th—exp:(-— %‘1‘5.—) I,(Y). (2.138)
Substitution (2.137) and (2.138) in (2.131) gives [54] 'ﬁ
- _ .A:'#‘
. M= | , '::'.*
: i i ! Tt
-_ . ancn‘—'-'Pomzzl(— b +'Ct{—l¢'—.+.—l-exp (_4-{-_1“> ::"::
: (2.139) 7
!
- During discrimination of two orthogonal incoherent signals |

latter/last formula is converted in (2.127).
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2.7. Dependence of qualitative indices of system on the ambiquity

function of signal.

Let us assume, evaluation/estimate of substantially manpower
-
parameter A, which belongs to assigned a priori interval A, is
conducted. Assumption about the manpower character of the parameter

is done for simplification in the reasonings and is not necessary.

Page 85.

In this case optimum output effect willvbe the additive mixture of
interference and signal components of form 2upili,—r) OF _ 2uW(ﬁr—iL
"amplitude” of which is determined by energy relation signal/noise u,
and form - by form of correlation function y or ¥ depending on
whether the previously initial phase of received signals with each
this value.K is known or not known. Through » the markedly true
value of the measured parameter<i. In the majority to the
communication system the initial phase of received signals is the
random unessential parameter. Therefore with tne presentation we will
be oriented toward the function ¥, bearing in mind that everything

said can be referred to the communication systems with the completely

determined signals and respectively to the ambiquity function .

-
Measurement of parameter A is reduced to determination against

...................

4
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.-.
the background of output interferences of point, in which signal ;&
function or ambiguity function reaches their greatest value. ?;
Therefore the accuracy of the evaluation/estimate of the parameter, ¢ ]
other conditions being equal, will be higher, the sharper is

? expressed the maximum of ambiguity function, i.e., is sharper/more
- acute and tﬁé narrower the overshoot (peak) of function ¢(K) in ¢ '
vicinity of zero.

-
There is greatest interest in connection/communication of form ¢ 1
of ambiguity function wiﬁh system resolution. For the ) vL.}
permission/resolution of signals with the parameters ;1 and Kz, which ___”;
differ little from each other, signal components of output effects or ? .@
function *(i-:;) and *(;;i,) must not highly overlap. Consequently, : R
resolution is also obtained higher, the narrower the overshoot of ;;:;j
function *(K) in vicinity of zero. However, vital importance takes , -

the form of uncertainty/indeterminacy not only in vicinity of zero. s

Ambiguity function *(;) in the interval of the possible values of the f‘
| evaluated parameters must have one sharply pronounced overshoot. In f, Lj

the presence of the supplementary intense overshoots, which approach
in their amplitude the main bang pipe, any of the maximums of
ambiguity function (or output effect) can be accepted as the

evaluation/estimate, as a result of which the ambiguity of the

evaluation/estimate of the parameter appears.
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Page 86.

Furthermore, the supplementary overshoots of function of the
uncertainty/indeterminacy of the strong interfering signals can be
applied on the main bang pipe of weaker useful signal and completely
disguise.- it. This means that Ehe supplementary overshoots of
ambiguity function worsen/impair resolution by large differences in

*
the value of the essential parameter \.

G;ven reasonings indicate that depending on designation/purpose
of communication system and on requirements, presented to its
qualitative indices, must be produced corresponding requirements for
form of ambiquity function, in particular to width and sharpness of
main overshoots to level of §upplementary overshoots. Analogous )
conclusions, but with the clearer explanation of the essence of the
limitations, imposed by the form of the function of
uncertainty/indeterminacy to the resolution of system, it is possible
to draw, on the basis of results, obtained in the examination of the

task of distinguishing two signals.

For correlated signals with random initial phase or completely
determined signals with u,su,=u threshold relation signal/noise
corresponding to assigned average/mean probability of erroneous

solutions p,,,, according to (2.126) and (2.119) is equal

..................................
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From (2.140) it -follows that in principle it is possible to
l . distinguish or to solve any two signals (in sense, explained in
§1.4), i.e., that theoretical boundary of permission/resolution there

does not exist. However, the presence of correlation between the

4

signals increases energy of threshold signals téﬁ' once. ]

- Correlation between signals can be caused by the fact that ]
A - - ,

i difference between parameters of these signals A,-A, is small and :

falls into region of main bang pipe of ambiguity function, and also 1
= =
fact that difference A ,-\,, although it is comparatively great, falls

into region of supplementary overshoot of ambiguity function.

Page 87.

LA »

) ‘
kg In proportion to the approximation/approach of the coefficient of R
;" -".'1
;: correlation ¥ to one the energy of signals minimally necessary for .
; the reliable permission/resolution sharply grows/rises and signals S
- . L . L)
- become virtually they are not distinguished from each other (or they R
: are irresolvable). In this sense it is possible to assert that for S
D.

)

..............
.............
...........
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reliable permission/resolution of two and more than signals the
coefficient of correlation of these signals should be substantially
i less than one or, in connection with signals with the random initial
phases, signals must be virtually not correlated (they are

orthogonal).

Finally, form of the function of uncertainty/indeterminacy to a
considerable extent affects diagram of optimum working/treatment,
which must reproduce module value of correlation integral Q(;) or any )
other informational equivalent of function of plausibility. Let us B
assume first, that the measured parameter \ is scalar and belongs to
the a priori interval of possible values (iuw: iua). Optimum system in L
the general case is constructed according to the multichannel diagram
(Fig. 2.1) and reproduces in the a priori interval instead of
continuous function Q(\) the totality of its discretes/digital wvalues o
Q(An{.“.Q(Lux Obviously, a number of channels of working/treatment m
must be selected by such so that with any true value of the measured
parameter at least in one channel the sharp overshoot of signal ' 1
component of output effect would occur. In other words, "distance" ;;;L”

between adjacent channels i—A-, must be not less than the width of f;ﬁf

the fundamental peak of ambiguity function %(\), which is called the 3
width of the region of high correlation. They count off the width of
the region of high correlation iwp, at the caused level (usually -ff?

0.5-0.7) or determine by the relationship/ratio

N PN - . e e e . . e
S e e e e e e R S P L R S O R P o e, R e e
P P L N T TR ANL aL NE e T T T e T SN T e s e
AP AL S AP DD P I P IR II IR SIS - P OIS WP N VRSN WP L. VAE L A P g PP PV Y PR P PRI S U
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20
Agop = 5 [T ()| dA. (2.141)
-0

Thus, is minimally necessary number of channels in diagram of
optimum working/treatment equally
v m = K«n;‘)\«uu. (21“2’
[N s L011)

"Page 88.

In many technical applications/appendices, connected with
approximate computations, ambiguity function ¥(A) it is convenient to

apprbximate by function of form

T (1) — {lum 06AACTH BRICOKOM KOppeasi, (@, 1’4.'3)

0@nne 0BAACTH ABICOKOR KOPPCAAIHH,

Key: (1). in the region of high correlation. (2). out of region of

high correlation.

Signals, which have correlation function (2.143) and differing
from each other in parameter A are less than to width of region of
high correlation, they are not distinguished. Respectively a number
of solvable signals in the a priori interval or a number of solvable

elements/cells of the space of communications is equal to

m<h~u-c - A;«l\u

o ). Since the signals, which cannot be distinguished of each }{3

other, it does not have sense to transmit, then, being based on

............................................
........................................... . . .
o e C. . . . . A
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representation (2.143), real system with a continuous change in the
parameter A approximately can be replaced with discrete/digital
system with the mutually orthogonal signals, whose number is equal to
a number of solvable elements/cells of the space of
communications/reports.

-

In perfect analogy in vector parameter A=A,, ..., i, that
belongs to a priori interval A:{L& (A Lime)r o An E(Anwni Aneawe)}. it is
possible to determine width of region of high correlation A, for
each parameter A. For this it is necessary to assign the reference
level of the region of high correlation or to use the
relationship/ratio, analogous (2.141),

2 .
Yowp= [ |02 . 0)] v (2.144)
n

Number m, of permitted signals from arbitrary parameter 1, is
equal to ﬁiﬂ%ﬁfﬁﬂl. Total m number of the solvable
elements/cells of the space of communications/reports or number of

mutually orthogonal signals, for which it is possible to

approximately replace the continuous ensemble of signals, is equal to

Amn-c - }\num . _L\ Mane T Aw M“n‘ (() 145)

m=m,... = .
! Mn }‘lloﬂ Aa sop

Page 89,

Minimally necessary number of channels in system of optimum
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working/treatment is also determined by formula (2.145).

Consequently, fundamental qualitative indices of system -
resolution or number of solvable elements/cells of space of

communications/reports on each of measured parameters, accuracy and

-

uniqueness of evaluatlon of parameters of signal - are determined by

form of the function of uncertalgty/1ndeterm1nacy ¥ (or y) and do not
depend directly on waveform, i.e., from form of the function s(t,-i).
Signal must be selected in such a way that its ambiguity function
would provide qualitative indices required from the system. The task
of the selection of waveform actually is reduced to the solution of

the integral equation

1

o] ) - . - )
" fsmloﬁu;mdd=
-0

[+

right side of which is the assigned function. The solution of
-
equation (2.146), of course, exists not for any functions |¥(A)

0
Sj t,,l)e t,,fz)S (fa Z:)dtxdt:
—_0

=], — 2|, (2.146)

Physical consideration and information about the solution of equation
(2.146) for a series/row of special cases help to overcome the
difficulties, connected with the virtually reasonable assignment to
ambiguity function and the determination of the corresponding

waveform.

-
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Given in present paragraph positions, characterizing dependence

l of potential qualitative indices of system on form of ambiguity
function, are well realized and extensively they are used in radar.
Considerably less they are utilized with analysis and synthesis of

i, other communication systems despite the fact that the ambiguity.
functions retain &heir significance for any systems of the

evaluation/estimate of the parameters both continuous, and

: discrete/digital.
L Page 90. , -1 by
! e
'i -
h 2.8. Ambiguity function in the time and the frequency.

b,

£ e
[ , E———
i In statistical theory of radar extensively is used ambiguity T

3
K

function ¥(r; ¢) on temporary displacement r and (to Doppler) effect

® of carrier frequency £, of signal. If the emitted signal L
s(t)y =S8 (t)e/*" (2.147) - L

has comparatively small duration, then the echo signal, taken from

this fixed/recorded,‘previously known direction, it is possible to

represent in the form of the function

.;‘(I: < D u; P) = ¢S(1 —1) X
X exp {f (2xfy (¢ — =) — 2mbt 4- 9|} (2.148)

.........................
...............................
.............................
...................
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time and set of the random, but constant parameters: essential r and

L ®, that determine range R and radial velocity v of target, and {ﬁ
. unessential ¢ and e - initial phase and the parameter of intensity. d
From expression (2.148) for the received signal it directly follows

that the measured parameters 7 and ¢ are substantially nonenergetic ‘
El . o and that the signal has random initial phase ¢. Respectively the
. .
?ﬁ ambiquity function of the signal, taken against the background of the i
E:j interferences, approximated by white noises, is expressed by means of ;
;: (2.111): R
o T (2 D) = |i¥ (x; D) | = \
. |

n . [
= g Syt Oz 9)s*(f =y & D)t u\ 12.149)
7

8

wvhere R

TS T YTy a7
N

t=t,—1; O="D0,—0, " (2.150)

:

’ T L]
PR L P
* I
Ll

Here and in the future C - the factor, selected from the conditions

for the standardization

w(0; 0)=1. (2.181)

Page 91.
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Taking into account (2.148), expression for ¥(r, &), can be

represented in the form

n ‘ N
1Py Y| =C \‘ S8 i —=e it (2100 .-'.."::.

-
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or, introducing into examination spectrum of complex signal amplitude
i | envelope

k-]
Gin= | S(tye~ ™ "at, (2.153)

in the form

’\? G* ()G (F — by e I"df : (2.154)

—0

. ' (< )| =C

Relationships/ratios (2.152) and (2.154) determine also complex
ambiguity functions-@(r, #). For this in the relationships indicated
it is necessary to drop/omit modulus signs. Function of
uncertainties/indeterminacies ¥(r, ®), and also the function ¥(r1)
=y(r; 0), called usually the correlation function of signal, for the
fundamental radar signals are studied very in detail. The fundamental
information about these functions, necessary for the following

presentation, here is given without the detailed conclusions.

Overall limitation, superimposed on ambiguity function of radar
signals, is known by the name of "uncertainty principle”: complete
combined uncertainty/indeterminacy of parameters of signal r and ¢,
measured by space of body of uncertainty/indeterminacy, i.e., by
space, included under surface lﬁ(r; ®)|?, does not cdepend on waveform

and it is always equal to one

5”5'\[}' (= D))*°d=dD= 1, (2.155)

-0

.............................
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what is directly checked by substitution in (2.155) expressions

A

(2.152).

e &0
-y

According to (2.152) and (2.154) complex ambiguity function %(r,
$) with an accuracy to constant coefficient is Fourier transform from

S(t)S*(t-1), -and also from Gx(f)G(f-8).

",

.

’ »
co-

.

Page 92.

Therefore, if they have two signals s,(t) and s,( t) with complex
envelopes él(t), é,(t) and by complex ambiguity functions @;(r; ®),
@z(r; ®) respectively, then ambiguity functions @1,(r, $) the
composite/compound signals s,,(t) will be equal to [4]: for signal
S,.(t)=S,(£)§, (¢)
?Mwm=C?T$mwhm¢—ﬂ¢c (2.156)
o

and for the signal
»n

S ()= S Si(x)S,(t —x)dx

-0

0
Wi (mB)=C j W, (o B, (z — s byde.  (2.157)
-0

Furthermore, during some conversions it is useful to have in

mind that ambiguity function W,(«;d) of idealized periodic signal

ko]
S, ()= E:S(L—iTJ (2.158)
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takes form

W, (= b)=C 2 3(x—iT,) 2 («b——-). (2.159)

l:-n

Let us further give expressions for ambiquity functions of some
real signals and let us make series/row of practicai
conclusions/outputs. First let us examine signal in the form of
single radio pulse, in the general case linearly of
frequency-modulated (LFM). The shape of the envelope of

impulse/momentum/pulse has secondary value and is received as bell

(Gaussian)

S =S, exp( R LY t‘)- (2.160)

Page 93.

In this case the spectrum of complex envelope is expressed by the
formula

vVIrs, " /W

G(f)=-‘/—]?—t-7—l7‘u [_\ i;t/’d’

{2.161)
where T ~ effective duration of signal,

Q
_—_-S'— S Sty (2.162)
-0
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.....................
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»
2;1 - rate of change in the frequency,
; RN
| d=2F.,T. (2.163) ST
| v
I ) Effective width of spectrum of signal is equal to S
s . j
- ——-—l.—— 2 == 4(1’, 9 . N 3
. F=gmy [ 16017/ = LT (2164 _ L
: — ¥
' 4
i R
; 1f frequency modulation is absent, then d=0 and I
l i
; FT=0,5. (2.165) '
? The utilized here and subsequently concepts of effective duration S
! (2.162) and effective width of spectrum (2.164)
F approximately/exemplarily coincide for the bell curves with the
appropriate parameters, counted off at the level - 3 dB.

With broadband frequency modulation

I = SuR SPL SRS L R I

i . d> 1. (2.166) y

: n

% According to (2.164) and (2.166) o

r Signals with product of width of spectrum to duration FT, :ﬁ?

; substantially exceeding one, i.e., those subordinatin¢ to condition o
)

t (2.167), call serrated signals. Signals with product FT of the order .
.
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of one, in particular pulse signals with the unmodulated filling, are

called simple.

Ambiguity function of signal (2.160) is equal to

W (z; D) =exp [—'«< LM T Qd‘bt)].
(2.168)

Page 94.

For approximate graphic representation on plane r, ¢ ambiguity
functions ¥(r; &) it is convenient to use ducts/contours from
different by denseness shading. During the qualitative discussion of
different laws sufficiently good approximation/approach can be
obtained by the representation of function ¥(r; &) by means of
altogether only two regions: the region of high correlation
($20.5-0.7) and uncorrelated region. This representation corresponds
to approximation (2.143) and for function (2.168) is given in Figq.

e region of high
2.8. ) ~correlation, the determining extent in the appropriate

direction of function or body of uncertainty/indeterminacy, is

shaded.

Law, which follows from formulas (2.168) and Fig. 2.8, is

general/common/total and consists of following. The width of

ambiquity functinn along the temporary/time axis r (width of

.. e . P A
: e e e et . RN .
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correlation function ¥(r; 0)) is approximately/exemplarily equal to
1/F, while the width of ambiguity function along the axis of
frequencies f (width of function ¥(0, ®)) is
approximately/exemplarily equal to 1/T, where F and T - width of the
spectrum and duration of signal. In this case the received signal is
propoéed by coherent, i.e., by such that, during the assigned'
communication/report (assigned parameters t and ®) and to the
assigned initial phase of the oscillations/vibrations of signal at
certain arbitrary moment of time, is uniquely determined the phase of

oscillations/vibrations in entire interval of the existence of

signal.

From (2.168). it also follows that complication of phase
structure of signal, which is evinced bf use/application of linear
frequéncy modulation, leads to decrease of extent of region of high
correlation, i.e., to shortening (compression) of signal component of

optimum output effect 24 once.
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i | o
E; Fig. 2.8. Conditional image of ambiguity function ¥(r, &)

impulse/momentum/pulse linear ChM.
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As a result so many times increases the resolution of system in the
range (on the time). Value 2d (or d) is frequently called contraction
coefficient. The signals, linearly frequency-modulated, are in

sufficient detail examined in [45, 58, etc.].

Among serrated signals together with impulses/momenta/pulses,
linearly modulated in frequency, extensively are used phase-keyed
(FM) signals, which are constructed according to following principle.

Interval of time T, which is the duration of signal, is

divided/marked off into M of time intervals each by duration A=T/M.
The amplitude of the oscillations of signal is the constant value,

identical in all time intervals. The initial phase of oscillations in
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each time interval (or phase jump upon transfer from one interval to
another) can accept one of two values: 0 or r. In other words,

initial phase ¢: in the arbitrary i interval (or position) is equal

to
Sy=am; a;=0 or |, (2.169)
Respectively complex signal amplitude envelope takes form
o ad . ja= (0 ]7’0)
‘ s(n—_—VSA[t—(z—-l)Me- , te.
where =l

1 Gyopu £ £(0, 4),

S0 = <O® npu (€ (0, A).

(2.171)

Key: (1). with.

Change in phase is conducted on previously comprised code, by
means of which is established binary sequence of numbers ai. ... au.
which determines signal (2.170). Effective width of the spectrum of
signal F=~1/A. The phase-keyed signals belong to a broader class of
pseudorandom or noise-like signals [12, 45, 63]. The ambiguity
function of these signals ¥(r; &) with the sufficiently large product
of duration to the width of spectrum d-or with a sufficiently large
number of intervals M takes the almost ideal form, represented in

Fig. 2.9.

Page 96.
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Main overshoot of function ¥(r; @), or region of high
correlation, is arranged/located on plane r;, ¢ in vicinity of zero
and has extent, approximately/exemplarily equal to 4 (or 1/F) along
axis r and l/? - along axis ¢, Basic part (approximately/exemplarily
1-1/d) of the single space of the body of uncertainty/indeterminacy
is distributed in the form of comparatively small supplementary

overshoots on the broad band |r|sT; |®]|<F.

If maximum frequency shift ... with respect to a priori

predicted freduency of received signal is less 1/T,

Dare < _7',. , (2.172)

&i then it is sufficient to examine correlation function &(r; 0).

‘ Frequency shift is feasible due to the instability of frequency of

F' generators, imprecise valué‘of rate of change in the distance between
;f the emitter aﬁd the receiver, errors in the tracking of velocity,

etc .
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Fig. 2.9. Conditional image of ambiguity function %(r; ¢) of
. ®
pseudorandom FM signal.
] Page 97. L
»
E .
¥ In the radiolink systems condition (2.172) is satisfied, while in the CoT
) . L
t systems of the evaluation/estimate of the velocity and range this o
»
l condition must be satisfied at least in one measuring channel.
{ Therefore there is fundamental interest during the study of FM
A .
i signals in the examination of correlation function #(r)=¢(r; 0). g
| ’
g Many different pseudorandom signals [45, 63), which have
J
' favorable correlation functions, are proposed. Among these signals,
»
apparently, greatest propagation find pseudorandom FM signals, 7
comprised on the basis of maximum linear recurrent sequences kf;
(Haffmen's signals). In this case should be assigned arbitrary S
’
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initial sequence from n symbols a, ... dn (number n - the memory of

the code).

Subsequent symbols of code are determined from recursion formula

Q=P Qi o T @i
(i=n+41n+42 .. (2.173)

Bach of coefficients of code Moy U, - Wn 1S also binary number 0
or 1, and addition in (2.173) is conducted on modulus/module 2.
Coefficients u, are selected from the code tables of maximum linear
recurrent sequencés (MLRP) [45]). In this case the sequence is

periodic with a length of the period of
M=2r—1. (2.174)

Thus, for instance, if we as initial sequence assign 1111 and to
use rule of coding for n=4: a;=a.«+adi-. then corresponding signal

will present sequence from following 15(2*-1) elements/cells:

f1rtrotottonoolooo. (2.175)

Further continuation of series/row (2.175) brings and to its
periodic repetition. Correlation function ¥(r; 0) the signal,
represented by series/row (2.175), is depicted in Fig. 2.10.

Side-lobe level does not exceed 0.25.
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General law for radar signals of Haffmen lies in the fact that the

maximum side-lobe level does not exceed 7%?.

Haffmen's signals can successfully also be utilized inA
transmission systems of diécrete/digital communications/reports, for
example in digital telemetry. Let us assume, radio link is intended
for the transmission of set/dialing from M of discrete/digital
communications/reports A,.., Ax. Respectively should be provided is
shaping M of different siénals $» ... Sw- Let the first signal s, be
assigned by MLRP ay, ... dw. For example, if M=15, then as this sequence
sequence (2.175) can be accepted. Then the subsequent signals can be
determined thus. Second signal sr—am, 8 ..., aw-, third signal
Ss—Qm~t, Gn, G1, ..., ay-2 and so forth. Each following signal is obtained
from preceding/previous by the cyclic permutation of elements/cells.
The obtained set/dialing of signals possesses ideal correlation

properties [39]
1 ()npui=].

. (2.176)
_%@npn ishj.

[- .}
Ty=C 5 se(t) 53 (t)dt =

Key: (1). with.

All signals of set/dialing are equidistant, and with sufficiently
large M  number it is virtually not correlated or orthogonal with

respect to each other.
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.- . .‘-1‘
w2 System of transmission of M discrete/digital communications/reports o
:3 by means of M orthogonal signals possesses a series/row of advantages L
> —
in comparison with the usual trausmission system of discrete/digital —
:ﬁ communications/reports to binary, for example, FM, the code. This, ;Ef
§f first of all, the increased freedom from interference (which will be .ff
shown in €hapter 4) and, in the second place, at the same speed of —
- transmission of information - wider frequency spectrum of signal. The
.. latter facilitates moreover in conditions of multiple-pronged
. . ¢ -
D propagation and raises the reticence of the work of the system of -
o communications [63].
.
) In the same frequency-time interval, in which is T
~J.', .
?g arranged/located set/dialing s. ... S». which consists of M=FT (F=1/A) g

:E of signals of ‘Haffmen, it is possible to place still M of signals o




S
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SM+t, oo Stmy OppOsSite to set/dialing si ... Sm- If signals SM+b ... Swm

are numbered so that opposite will be signals s; and sus then with

i' j'l' e e 0y M

, — 1o b= i
: c fs«(l)s,“(l)dt_ {74‘ G rpn ik . (2.177) M
, Rey: (1). with. f}%yf
Finally, due to rotation of initial phase of oscillations of all :;::

signals of set/dialing s, ... s« and set/dialing sm+, ... Sax ON %/2 it . "

is possible to form still 2M signals Sm+n ..., Sae ANA Swmtn oo S
orthogonal with respect to sets/dialing Sv ... Sm and Sm+, ... s Thus; ::;;:

.the total number of signals of Haffmen of orthogonal ones and g%ffj

opposite, which can be placed in the band of frequencies F=l1/A in

time interval of T, is equal 4FT. UBwever, the use/application of

opposite and quadrature (out of phase on x/2) signals fequires
knowledge or tracking of the initial phase of the oscillations
adopted and synchronous heterodyning, which substantially complicates
treatment system. During the use of a set/dialing only from M(FT) of Eia:
signals, for example s, ... sy, the initial phase of received signals e
can be the random immeasurable parameter. Optimum working/treatment

in this case is simplified.
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In measuring systems of distance or time lag can be used
continuous periodic signals, which consist of repeating with period T
of signals of form (2.170). Respectively periodically is repeated
sequence 4, ... av [for example (2.175)], that determines signal. Such

signals have the ideal correlation function, depicted in Fig. 2.1l.

E; In present paragraph there is interest to examine other ‘
7 ambiguity functions of real radar signals, called frequently in the
literature in by packet (of repeating) signals. Complex envelope of
coherent radar signal (coherent packet)

S(t)y==1(1) '2 S,(t—iT,) (2.178)

{m—cty

is the product of the cutting function y(t) to periodic function S,«;

$0="3 $,¢—. (2.179)
{ar—aD *

vhere é.(t) - the envelope of the elementary signal s,(t), i.e., the
signal, undertaken in one repetition period (0, T,). The elementary
signals s,(t) belong to class examined above of the signals: pulse

signals, pulse ChM signals, FM signals, etc.

. - ; L I I IR "W e, = L O P N I S . I T SRS UL I L AR .:_.-_..-..'-_..-.'
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e Fig. 2.11. Correlation function of the periodically repeating

pseudorandom FM signal.
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.
L:; .
o Let us record first ambiguity function T (x:®#) of periodic signal
il $.(t). In this case the ambiguity function of the eiementary signal
ol s.(t) ve will designate ¥,(r; ®). Taking into account that periodic
: signal S.(/) can be considered as the fold of the elementary signal

S.(t) and idealized periodic signal (2.158), on the basis (2.159) and SR
(2.157) we obtain

o w » PR}
¥, (u ®)=C S S (6)S; (¢t —)e/™dt =

0

=C 2 W, (x— iT,; «b)a(«p__;..). (2.180)

{, jm—my

Let us further introduce designation for complex ambiguity

PR e e e
PP M ) PR .
O SN WA A

function of cutting function W,hz0x

|

P SN |

¥ (s ®)=C S T (¢ — <)/ 4¢. (2.181)
-—r)
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Then after using law (2.156), we find following expression for

ambiguity function of real radar signal:

0
. i . i 2 i - L
w(A"")=C w, (1' ‘D—r.') wo(t—iroy 7-7) . _
{, jm—aD .
(2.182) C
e
The effective duration of correlation function ¥, (% 0) _ P
T= (17 (0 d (2.183) B
in any case several times exceeds the repetition period of the lyjff
elementary signal T,, i.e., packet contains at least several 5
repeating signals.
Page 102.
o
1 . .
In this case with the high degree of accuracy it is possible to ';-;j
consider that functions Wr(“ @__%L) with different values of j do
not overlap. Therefore for the operating range r(|r|<T,)
= (\ i )
¥(s ®)=C ‘?' ) (D—T— , 3 (2.184) 2
(=l
and the fundamental peak of the ambiguity function of coherent Zxﬁ
. ® ___
b i S e
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packet, taking into account, that the width of the spectrum of

elementary signal is considerably more than the width of the spectrum

of the cutting function, it will be determined by the formula

T .'p)=|i1r1(o; )|, (x:0) |- (2.185)

Latteﬁ.meﬁns that usually qualitative indices of system on range
are determined by form of elementary signal, and on velocity - by
form and with duration of cutting function. The ambiguity function of
the packet of the repeating impulses/momenta/pulses with the linear
law of a change in the frequency is depicted in Fig. 2.12. For the
pulse repeatiné signals without ChM the ambiguity function takes the
form, but without the inclination/slope of the principal axes of
ellipse with respect to the coordinate axes. The repeating signals
are an example of the signals, with which the Eiénificant part of the
region of high correlation can be extruded/excluded beyond the limits
of the working section of plane r, ¢. Let us emphasize also the
possibility of the ambiguity of réading, caused by the fragmentation
of the main bang pipe of ambigﬁity function to large number of the

isolated/insulated overshoots.

We examined function of uncertainty/indeterminacy of coherent
packet of repeating signals (2.178). The optimum reception/procedure
of coherent packet (i.e. the coherent reception/procedure of packet)

is feasible in the intervals smaller than the time of the correlation
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of the fluctuations of echoing area of target, if the Doppler
correction of frequency is known (it is tracked) or there is a
diagram of reception/procedure multichannel in the frequency. In the
random initial phase of the oscillations of transmitted pulses the
memorization and the exception/elimination of this phase, for

example, with the aid of the coherent heterodyne is required also.
Page 103.

In radar of large part is utilized incoherent
reception/procedure, with which received signal is received by radio
receiviné equipment as incoherent packet of repeating signals:

o

SH=1(t }.‘. S,(t —iT,)e™, (2.186)

{=—c0
where , - iﬁdependent random quantities, evenly distributed in
interval (0, 27). The statistical independence of initial phases
in different repetition periods can be the result of the rapid
fluctuations of the parameters of the channel of communication (in
particular, the coefficient of reflection of target), and also the
result of failure of the account (measurement) of target speed and

initial phase of the oscillations of transmitted pulses.
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2
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Pig. 2.12. Conditional image of ambiguity function ¥(r; &) coherent
burst of pulses with linear ChM.
Page 104.
Ambiguity function is the actually standardized/normalized optimum
output effect of radio receiving equipment on the assumption that the
interferences at the input are absent. Taking into account the latter
L]

20

and determining on the basis (2.67) the optimum output effect (with
:;f; $) of radio receiving equipment, we obtain, that the ambiguity
function of the incoherent packet of the repeating signals

¥(r; ®) =W(r; D) (2.187)

' coincides with the ambiguity function of the elementary signal s,(t).

800 0 2t e il i B taaS Sl
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Potential possibilities of the systems of direction finding according

to the method of scanning radiation pattern.

5.1. Ambiguity function of signal in systems of direction finding

according to method of scanning radiation pattern.

Let us examine combined ambiguity function of radar signals on
range, radial velocity and angle for systems, in which direction
finding and permission/resolution in angular coordinate is realized
by method of scanning of comparatively sharp radiation pattern. For
simplicity of reasonings is examined flat/plane scanning, i.e., the
direction finding in one plane. The reading of the angular coordinate
of the radiating (or reflecting) object is conducted in the direction
of directivity pattern at the moment of time, which corresponds to

the passage of the intensity of the oscillations adopted through the

L
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maximum value. Let us designate the complete amplitude-phase
radiation pattern of system on the voltage/stress y(d); angle 3=0

corresponds to the direction of maximum amplification, so that

|y(0)|=max. The emitted signal s(t) is represented in the form of ]
function with the periodically repeating law of modulation S, (¢) i

. sy=¢"""* v S,(t —iT,), (5.1)
‘—“.—m. P

vhere é.(t) - complex envelope of elementary signal, T, - repetition

period. . :;
Page 180. i&f}

,: .
Further let us assume that emitted signal (5.1) has moderately wide . 'iff

frequency spectrum, in any case of such, with which the antenna

radiation pattern for this signal can be considered coinciding with

the diégram for the monochromatic signal. Analytically latter/last
assumption is reduced to condition (L/\,)s(f,/F), where L - linear

extent of antenna in the appropriate direction, F - width of the

spectrum of signal, f, and A, -~ signal carrier frequency and
corresponding wavelength. Then the radar signal, reflected from the

target with coordinates R, v (respectively r, ¢) and 9¥=Qt,, where t,

{
71
R
L
N
S
=~
"
i

- moment of time, to which the maximum of radiation pattern v is
directed toward the target, and @ - angular rate of scanning of ﬁf?:

diagram, it will take the form

. L S S Y P TR S R I BRI R S S R JEPCC I S '.-"4.._- ,.-'._-'.‘-'._-‘._-'__-'._-'._—'._'--."~_"_-_':-,‘:-.':',':-‘". CNE S A .~: «
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x .
sty o 0 Y 8 p)y=s7 [QU —1,)] }: Spll — =—
{=-—»

—iT,)exp {j (2%(f, — )t = ¢}}. (5.2)

As earlier, ¢ and ¢ - parameter of intensity and initial phase,

r— T T T T

as unessential parameters of signal in question. Let us note that all

measured parameters of signal are manpower. In its structure echo
signal (5.2) .,does not differ from the coherent packet of signals
(2.178), with exception of the fact éhat temporary situation
to(t,=8/Q) the cutting function depends on angular target position,

but the form of the cutting function is determined by the form of

radiation pattern. We will consider that the function y(9) out of the

interval |9|sr is identically equal to 0.

According to definition, ambiguity function of signal (5.2) is

equal to
” .
¥ (z,, 2, b, D, 8, 0,)=C‘ Ss([; LI (R es P X
~0
. ]
X st (w5 g by ey p)dl) =C {1 [Q—~t,) 1 Q¢ —
-
—l) =S, (t—2)S] (t —c, — 1) ™ar, (5.3
where
T -y 'b‘:‘t",—-'b,; ¥ -- ;):—“)1’—:0“02—&02
", 2,
tr)|=?v (,,3=-Q—',

and C - normalizing factor, such that #(r,, r,, &,, ®,, 9,, 9,)=1.

......
............
---------
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If we use definition of

. »
i ¥ (3 @)=C S'{(Q)‘{"(Qt—{))e"""dt (5.4)
]
. for complex ambiguity function of cutting signal y and formula
?é (2.180) for complex ambiguity function g (; #) of periodic signai S,
E and to interpret (5.3) as Fourier transform product y [Q( t-t,,)] v*

[Q(t-t,,)-9] and.i(bfeoSQ(L—rp—t»then on the basis of (2.156)

instead of (5.3) we will obtain

<]

S‘D’ (9 )P, (z ©— )X

1

w(’n Ta '[’u ‘Dz; 0;» 03)=C

-0

X exp (j2rx (fy — =) dx

also, after substitution of (2.180)

” . .
{ A VI S )
T(z,, s 0, Oy I, \),)=C‘ E ¥, !\8, b 7 )\( -
. {, j=a~00 ) . 1
X, (c—iT,; ,:’-) exp [iQn ('b—;.-) (b -c‘)] . (5.5) s
[ ]

In accordance with actual conditions for work we will consider '%
rate of scanning @ of such- that duration T  of correlation function ]
1
7. (Qn V)of cutoff signal s
K LP :ﬁ
; . _ P (9 58
T = f;wr(m, O dt = j!lv,m. nrad  (5.6) ]

- -n
1
-"fﬁxﬁklﬁff:*’ﬁff?5§“7*f“?5f1{3gifﬂiiﬁﬁ.ffﬂli’3:1ﬂffhﬁffﬁfﬂ;dﬂiﬁiii?ﬁiiﬁilLT~E
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at least several times exceeds repetition period T,

A

(approximately/exemplarily T,= 5T,

Page 182.

In this case functions wg(o;d»—7%) with different values of j, just as .
function ¥,( r-iT,; ¢) with different values of i, virtually do not
overlap, and the modulus/module of sum in (5.5) can be replaced with
the sum of the moduli/modules of separate components/terms/addends.

As a result it is obtained, that the ambiguity function on the range,'

the velocity and the angular coordinate depends only on a difference .i?f
in the corresponding arguments that it is characteristic for the —
signals with the substantially manpower parameters: f
P(e, ty D, Oy &, 3)=T(x; D; H=

0 .
=C @'1 ."0; lD—-TI—>|X ————

HE_‘J \ .

x‘tir, (‘:— i, 7,’—\\ (5.7)
¢

In operating range of time delays |r|<T, and in interval of
frequency shifts |#|<( 1/T,) (5.7) is converted into expression

analogous to (2.185):
T (g b 9)=[T (% ||T,(x O (5.8)

Carried out examination and obtained results of (5.7) and (5.8)

make it possible to make a number of practical conclusions, which, i

............. )
e te e et eT e " NP Ju TR R L T SRS I M TN G N T T T T A i e EFREVASE SO ST JA SR R N .‘._\.'..‘..‘..\.-_~'-.'.~.“
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P LA e el

let us recall, are accurate with observance of two conditions:

a) T\L-<LI" br 5T, (5.9)

v ... .

With simultaneous estimation of range, angular coordinate and

velocity »f radiating (reflecting) object in systems of direction

[
a8 & Al a s s

- finding according to method of scanning radiation patterns, the
potential possibilities of system on range (resolution, accuracy and SRIERE

uniqueness of reading) in this energy relation signal/noise u depend

only on form of elementary signal, it is more precise from its

correlation function %,(r; 0).

Page 183.

Resolution on velocity and accuracy of reading of the parameter ¢ are
’determined in essence by the duration (of coherent) signal, i.e.,
with rate of scanning and by width radiation patterns. The potential
possibilities of the system on the angular coordinates are determined

by the correlation function of the radiation pattern

%, (3 O) =T (%, .7.;;;?:";
-] ' ;: .
¥ .@¥)=C y'f(")u) (%, =) dd, (5.10) )
-

and on very radiation pattern y(d#) they depend in that measure, in

which on it function w"(a).




i
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; depends. E
Potential possibilities of system on angular coordinates do not ’
é depend on form of elementary signal. Therefore during further study
5 , of these possibilities in present chapter we will consider signal
monochromatic which substantially simplifies investigation. .
z R
»
With direction finding according to method of scanning radiation '}
pattern accuracy of reading of angle according to (3.47) is 4
determined by formula ‘ R
5 = — - . (5.11) R
_ 2 ¥ Mo i
and the angular resolution depends on width of major lobe of function !ﬁﬁe

7 (3) (from extent of region of high correlation), and also on

presence and intensity of parasitic lobes of function T (3).

During disturbance/breakdown of one of conditions (5.9a) or
(5.9b), results of given investigations need refinement. Is of

interest the study of the potential possibilities of the systems of

direction finding with the antennas of large extent and the broadband liif

signals, for which condition (5.9a) is not satisfied. The short study R

of this problem will be given in § 7.7. ﬁ'f
®

Page 184. T
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§ 5.2. Phenomenon of "compression” of radiation pattern.

Phenomenon in question in present paragraph facilitates
. increased resolution of systems of- lateral survey/coverage with a
- synthesizéd aperture. To the description of these systems is ®
dedicated vast, in essence periodic, literature [16, 40, 60, 62, 64,
etc.]. We will attempt to present phenomenon with more or less common
positions, without being cabled to the concrete/specific/actual
systems, since the advisable regions of its use/application are

comparatively multi-counted and yet completely determined.

We will consider that being subject to detection and to

direction finding radiating or reflecting objects are small size and

can be considered as point sources of monochromatic radiation of
frequency f, (wavelength A\,). In the general case in t.e process of

the survey/coverage of space and direction finding both the receiving

@,
oot
L P

antenna and the radiation source can be moved. For convenience in the

presentation let us assume that the radiation source is motionless,

and receiving antenna is moved. This assumption does not set any

fundamental limitations and it forces only when is moved the .
radiating object, to consider not the absolute, but relative velocity iifﬁf
of receiving antenna. :}iu
L I
e e e et et e i e et Tt S s T T T e e e o
CN AN A AT AN NENE AN O T e el e e e e e e e e e e e el e e T e
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Let us assume further that in any case in limits of i
comparatively narrow sector, occupied by main lobe of radiation,

antenna system has phase center. The amplitude and phase radiation . .;ﬁ”
patterns of antenna system in certain interesting us plane let us |

designate B(d9) and y(9) respectively. So that the specific above . R

complete radiation pattern vy(9):

Y.(8) = B (M) explliZlM)I. (5.12)

Diagrams B(d4) and x(9) are taken by fecording of amplitude and
phase of oscillation, taken ftom source of monochromatic radiation,
with chanée in angle 3. Angle d between the direction of tﬁe maximum
of diagram and the direction to the radiation source subsequently for

the brevity is called displacement angle.

Page 18S5.

Usually during the removal of radiation patterns a change in the

U]
S
oo,
raratd

A t'ata’a

displacement angle 9 is conducted by the rotation of antenna system

a9t

- ek l'a

around certain axis. The selection of the method of changing the
angle 9, in particular the selection of the axis, around which is
conducted the rotation of antenna, virtually it is not reflected in

the form of amplitude radiation pattern g(9). On the contrary, the

> L
{ """" R AR RSl AU I i T ' ------------- ‘-‘.'.‘ ."." ." .... ,'-.. -'.'r'.«'_". LR LR T A N~

wrh "_a.' - "n" v o a¥ . '_A'J}.. erarnl \L‘ AR VR IR S R e e A e e e e A B odondiian




DOC = 84150204 eace A¢/

phase radiation pattern of antenna system y (%) depends substantially
on the selection of the method of changing the displacement angle 9.
Thus, for instance, if we turn antenna around the axis, passing

through the phase center, the function, which expresses phase

radiation pattern, will be the constant number, which can be accepted i’

by the equal to zero.

For determining phase radiation patterns, we will select this -
law of change in displacement angle, which is caused by working class
movement of antenna (or its ray/beam)‘in process of survey/coverage
of space. If under working conditions the survey/coverage of space is
conducted with the aid of the rotation of antenna around certain
axis, the antenna rigidly connected with the construction/design,
then the removal of function x(9) must be produced with a éhange in L;;;
the éngle 9 by the rotation of antenna around this axis. It is 2
analogous, if antenna is established/installed on the flight vehicle
and is intended for the direction finding of the landmarks due to

scanning of antenna with the displacement of the vehicle, then the

removal of the phase radiation pattern must be conducted with the -
change in the displacement angle 9, caused by the working ['\

displacement of flight vehicle.

Let us introduce following designations: R - distance between L

phase center of antenna and radiation source at certain arbitrary
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o moment of time t, to which corresponds displacement angle 9, in
general case different from zero; R, - the same, but at moment of

.' time t,, which corresponds to zero angles of mismatch; p - path

difference of rays/beams at moment of time t and t,,

. . ) p=p(0) =R—R,. (5.13)
1 In accordance with determination phase radiation pattern of
antenna system is expressed by relation

‘/.:(9)=i-’: p (D) (5.14) 4
vhen displacement angle changes in process of working displacement of

antenna during scanning.

Page 186. bR
]

Is of practical interest analytical expression for x(9) at small o
displacement angles ¥, not exceeding width A of major lobe of diagram ;ii

v(9). In the limits of comparatively narrow major lobe it is possible
to approximate phase diagram y(9) by the polynomial of the second
pover and to disregard/neglect terms of expansion with the degrees of

the lowv parameter 9, above second

N}
D R I I
P
1P ta T,
a 4 1B s a'a’alas

€ (3) = 7 (0) 4 8’ (0)++ Y (0) (D < B), (5.15)
wvhere

£ (O)= X (Myay L O)=75r X Blguee  (5.16)

.................
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In usual antenna systems nonlinearity of phase diagram is
expressed weakly, which in effect indicates small change of phase

within limits of main lobe caused by nonlinear term in (5.15):

.. With mutual displacements of oriented emitter (reflector) and

antenna, on the¢ other hand, there can occur the relation

MY (0) > 1, (5.18)

which indicates presence of essential nonlinearity of phase diagram.
Respectively in usual systems of survey/coverage of space and fifﬁ
' v
direction finding, that use method of scanning highly directional .  7
ray/beam, phase radiation pattern in limits of angle, occupied by ;ﬁ
D
major lobe, it is possible to consider it as constant x(9)=4(0) or ;;;j
: -
changing according to linear law y(d)=y(0)+9y'(0). In this case nfi
correlation function (5.10) of complete radiation pattern v(9) is §
equal to 1
' » . 4
[- ]
¥ (0)—C Ss(a,)p(o'_omo. (5.19)
-0 'j:f-‘}
and it is determined only by the amplitude radiation pattern of 13531
' <
: antenna system. A !
i Page 187. ;
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The width of correlation function (5.19) or the extent of the region

of high correlation on the angular coordinate proves to be to the

approximately/exemplarily equal width of radiation pattern A.

T L e e eTe B W E CSEpmm—S %6 & uT e

"Therefore in the usual systems of the survey/coverage of space and

direction finding resolution and accuracy of reading of angular : : f?
. coordinate virtually are determined (with this energy of signal and - o
jamming intensity) the amplitude radiation pattern. in particular by ~;’1

its width, which corresponds to the conventional representations.

when occurs considerable nonlinearity of phase diagram
[condition (5.18)], it is possiblé to substantially increase
resolution and accuracy of survey/coverage systems of space and ——
direction finding. In this case correlation function ¥, (9). which

. determines the potential angular resolution and accuracy, takes the e

form

F R

7. ®)=c| [Bo)exp [f > x";<0>] B(%, —9)exp X

! X[— I-!L‘,.’.’an (0)] d8,|=cl Tg (38 (3, — D) exp X ‘ 1
‘ X (19X (0) 0.1;:,' (5.20) : ::.3

and is obtained substantially narrower than the width of the

o'o

radiation pattern A. As a resuit it proves to be possible to produce

f R Y

the permission/resolution of radiation sources, which are located in
range of the main lobe of radiation. Interconnection it is here

i accurately the same as between complex signal amplitude envelope S(t)

......... . N O Lt
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and its correlation function ¥(r). When radiation patterns y(9) it is
possible to consider as the real function of angle, correlation
function W (7). vhich determines the potential possibilities of
system, differs little from amplitude of the pattern B(9). If the
radiation pattern ¥y(9) is complex with the essential nonlinearity of
argument_(that equivalent to the. frequency modulation of signal

§(t)), correlation function can considerably differ from B(9).

Page 188.
Let us give the quantitative estimation of this phenomenon.

Amplitude radiation pattern B(9) antenna system we will

approximate, as this frequently is done in theoretical studies, bell

(Gaussian) curve
02
B(9)="B,exp (—W) (5.21)
where A - effective width of radiation pattern, which differs little
in the case of bell curve from width, counted off at the level of
half power. For the usual systems, which satisfy condition (5.17),
the correlation function of complete radiation pattern according to

(5.19) is equal to
. w1(0)=exp<—%°d-',-). (5.22)

In this case effective width of correlation function v24

“ AR .“‘.'\"\. Ea R N A )

LY

. L) . - - . - * Y. - ., - - - . - - .- - s
N et e S L e e e e e e T e tat et atat et A a A PRSI SR T M N S S Sl - A T

aa safadl

e el

. .
LN NN
U Sl VL G

)
! ecaibe.




: DOC = 84150204 PAGE /}é

actually/really differs little from width of radiation pattern. The

potential accuracy of reading of the angles of coordinate, determined

by formula (5.11)

U WS N

i =3 (5.23)
ma

also wholly depends (with this value u) on the width of diagram A.

. ] ‘ ) - J
i For systems with essential nonlinearity of phase diagram, |

?' introducing designation 1
i’. =X (0)A'=d, (5.24) . P
: after substitution (5.21) in (5.20) we obtain ;ﬁﬁ

. s = -
IR R YN
‘..- -‘l‘

nil?

T (3)=exp [—W(l +4.z=)J. (5.25) e

B A
|

curve, becomes narrow y1l+4d*=2d once.

? comparison (5.25) with (5.22) shows that with essential ,‘i
g' nonlinearity of phase radiation pattern, expressed by condition :;:
i' (5.18), correlation function ¥ (9), retaining the same form of bell T

3

Page 189.
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_?

As a result in so many once grows/rises the resolution and accuracy
on the angular coordinate. Value 2d subsequently is called

contraction coefficient. Contraction coefficient, as this follows

<, =y
Kl

i '--.'m",.‘_o

from (5.24) is determined by the characteristics of antenna and with

an accuracy to constant factor 1/27 is equal to the product of the ol

.................................
............................
......
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squares of the width of radiation pattern to the second derivative of

phase diagram x" (0).

In certain cases during investigation of survey/coverage systems

of space and direction finding it is convenient to extract directly

- signa;s, induced in antenna by radiation sources, and to examine
possibility of permission/resolution of these gignals without .J
determination of phase radiation pattern. Let us assume in the space, Al' j
examined/scanned by antenna during the scanning, there is point ._ .‘
source of monochromatic radiation S, exp(j2xf,t)in the direction of ' g;
¥,, which corresponds to time t,. If 98(t-t,) and R(t-t,) - the laws -;;;;;
of a change in the displacement angle and distance between the phase jSfﬁ
center of receiving antenna and the radiating object in the process ;;f
of their mutual displacement, then the signal, induced in ‘the ;if
antenna,'taking into account the random ones of intensity e and .;{-ﬁ
initial phase ¢ will be expressed by the formula j§§ai
, Bt 8 % @) =eSABE—t)] X o
xexp{l[2nf,,t+—§’.'—R(t—to)+¢]}. (5.26) L]

RS
R
O

Instead of distance of R in (5.26) can figure path difference

“a
tA A A

p=R-R,. The signals, reflected from the objects, which have the 1
identical laws of a change in distance of R(t), differ from each Z&%
other only in terms of the value of time lag t, (by angular position) :f}
and in terms of the unessential parameters ¢ and o. Respectively, the ’ {j
2
N

........
..........................
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possibility of the permission/resolution of the targets, which have
different angular coordinates 9,, and 9,,, is reduced to the
possibility of the permission/resolution of identical (with an
accuracy to phase and intensity) signals (5.26), which have different
time lag t,, and t,,. If distance R between the object and the phase
center of antenna constantly or changes linearly, then signal has a

character of radio pulse with the constant carrier frequency.

Page 190.

For the resolution of such signals they must in the time virtually

not overlap. On the contrary, when during the determination of
emitter in range of the main lobe of radiation distance R changes
considerably and it is nonlinear, received signal (5.26) is the radio
pulse, the carrier which is frequency-modulated. In particular, under
the quadratic law of a change in distance

R(t—1)=R(O)+(t —t) R (O (t — L) R"(0) (5.27)

frequency modulation is linear with a speed of change in frequency of

df/dt, determined by the second derivative of argument (Arg) of

- complex signal (5.26)

R’ (M

- (5.28)

d 1 ! .
Tf‘-=2—“-%;-:\rg [s(t: 3, & P=

Taking into account that rate of change in frequency is

connected with total variation in frequency 2F. for time of effective

............................................
.........................................................




d s.acth avt SRR SIE SN AR e T T S
- R dhds S -0 arat Jetiie iut AL St St S Suth Il /Al Sl S AV TSP AE RA N . A q
PO ey e, " " Pl . . . PRI

DOC = 84150204 PAGE M? U

duration of signal T with relation

At _2Fa o -
—dt—-—-T.—p (5“9) _
signal (5.26) under quadratic law of change in distance of R can be '

also expressed through usually utilized parameters of signals,

linearly frequency-modulated.

Y
E Thus, under rapid and nonlinear law of change in distance , :f
[ signal, accepted from monochromatic radiation source, proves to be :';;
. ’ )
‘ frequency-modulated that it causes expansion of pulse spectrum and e
: provides possibility of its temporary/time compression, using known ff[f
E methods of optimum filtration of frequency modulated L
. L,..,
! impulses/momenta/pulses. As a result proves to be possible to produce .,5fj
E the permission/resolution of the overlapping signal pulses, i.e., the Eij%i
permission/resolution of sources, which are located in range of the SRy
)
main lobe of radiation. T
Both given treatments of phenomenon of "compression” of the :
]
radiation pattern by means of investigation of the phase diagram -
(5.15) and hy means of investigation of signals (5.26), induced in ;ﬁ
antenna, they are identical. =
)
Page 191. SO
'
Difference is reduced to the fact that in the examination of phase .
L
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diagram distance R or path difference p represent in the form of the

function of the angle of mismatch, whereas in (5.26) - in the form of

fa ‘astinaes

the function of time. The identity of treatments is complete, when
displacement angle 4 in the limits of major lobe can be considered
the linear function of time. The advisability of using one or the

other treatment in the specific cases is a question of convenience. . {

Examination given in present paragraph makes it possible to make -
following conclusion. When during the determination of the oriented {
radiating (reflecting) object within the limits of the alignment of
the main lobe of radiation an essential and nonlinear change in the
distance between the object and the phase center of antenna occurs, ' -
is possible the realization of the "compression" of radiation
pattern, which is evinced by the considerable contraction of
correlatibn function (9 of complete radiation pattern in T
comparison with the width of amplitude diagram g( 9), which
substantially increases resolution and accuracy. The practical
realization of the phenomenon of "compression” is reduced to the
optimum filtration or the correlation reception of coherent signal in
the time interval, equal to the retention time of the oriented object
in range of the main lobe of radiation. For this the observance of
the following conditions is required. First, it is necessary to know
previously the law of a change in distance of R(t-t,) between the

phase center of antenna and the oriented object or the ensemble of

.................

.................
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the laws of a change in distances of R(t-t,; »), depending on certain
parameter », which determines, for example, range at the moment of
time t=t,, the second angular coordinate of object, etc. In the
second place, the signal, emitted by the oriented object, must have a
character of the determined function, known with an accuracy to the
unessential parameters of intensity e and initial phase ¢ at the

values of the measured parameters given previously.

Let us illustrate aforesaid based on several practical examples.
For simplification in the study of phenomena we will further assume
that the emitted signal is monochromatic, although the practical
realization of the system (but not its potential possibilities on the o

angular coordinate) it depends on the form of the emitted signal.
Page 192. : T

5.3. Examples of the practical use of a phenomeno.a of the

"compression" of radiation pattern.

Let us assume, antenna is established/installed on board
aircraft and scanning with survey/coverage of Earth is realized due
to displacement of aircraft [16]. If we consider that the aircraft
(antenna) is moved rectilinearly and evenly at a rate of v and to

designate by letter a the angle between vectors of speed and

....................................
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! direction to the radiating object at the moment of time t, (when
F? displacement angle is equal to zero), then from the simple geometric
i correlations we find: T
LR, = vcosa,
i ‘ | T ROl =510 . 53
-,11-:7 R lyoyy="1 -%—sln’a cos a,

Most favorable for using effect of "compression" of the .
radiation pattern is case, when direction of maximum antenna gain jﬂj
lies/rests at plane, perpendicular to velocity vector: .gyi

2= — %ié.
2" [E
In this case the expansion of function R(t) or p(t) in the vicinity Eiii
of point t=t, according to the degrees of interval (t-t,), which does ;%E?
not exceed the retention time of emitter in range of the narrow main :::
lobe of radiation, will contain virtually only quadratic term.
Correspondingly, in the signals induced in the antenna by the sources
of monochromatic radiation, the Doppler shift of the carrier ‘ ;
frequency will be absent, and frequency modulation will be linear. ;g

Let us examine this case, by assuming that velocity vector of
aircraft lies/rests at horizontal plane. Situation is represented in %ﬁa
Fig. 5.1: &, and & - positions of the phase center of antenna at the

moments of time t, and t respectively; ¥ - displacement angle at the T
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arbitrary moment of time t; U - point radiation source; R, - distance

between the phase center ¢, and the radiation source U at the moment
. H \. . . . .

of time h(R.aéaq). H- flight altitude; B - angle between the direction

of sighting and the vertical line at the moment of time t=t,.
. Page 193.
From the figure it follows that the displacement angle

Do arerg L L . (with 9<<l),

i.e. changes linearly with a constant angular velocity of 9=v/R,. The e
distance between the radiation source U and the phase center ¢ at the fﬁ;
31 moment of time t o
F R=Rutr= iy =RVTTRE = o
:‘ v |? . o
- &p/]+[u—m7ﬂ ' (5.32)
4 ' .
wvhence we obtain a path difference
Re (E—t)to? R, (t—t)%*
pmgm T i Ta
(t —ty)t o2
> ZR.. (5.33)
phase radiation pattern
R,8? e
LUU--fLw-EJ— (5.34) N
and the coefficient of "compression” Lo
I 2R,A? S
2d-.n—x"(0).d.- e 5.35) ,:' .

''''''''
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Fig. 5.1. Lateral survey/coverage of the surface of the Earth from ]
the aircraft Wd,=R,; HD=R,+p; O®,=H=R,cOspf. 4
]
Page 194. o
—
EI All parameters in question - width of radiation pattern, phase =9
s , . N
- radiation pattern, resolution - relate to plane, passing through RS
2 : : o , w
AN velocity vector and line of sighting. The angular resolution, RAAS
evaluated by the width of the region of high correlation .., is equal ~
to
. A L :

Oeop = %k—kﬁ-%-ﬁ;- (5.36) ,
In (5.36) it is accepted that width of diagram A=~A,/L, where L - T
linear extent (length) of antenna in appropriate direction. The faﬁ
T
linear resolution of system along the line of the flight 1
:
[Io. ] 0|°.R. -l (5.37) '.'1
SO
3
o
A
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Let us discuss obtained results. According to (5.36) and (5.37),
the angular resolution the higher ( ?«» the less), the less the
length of antenna and the wider its radiation pattern, and the linea-
resolution does not depend on distance and is equal to the length of
antenna. Furthermore, the resolution of system (0wp lwop) does not
depend on flight speed v. An increase in the resolution in proportion
to decrease L is explained by the fact that with the decrease of the
length of antenna increases the width of its radiation pattern and,
consequently, also the exposure time of target (duration of signal
T). At the given rate of change in the frequency the width of the
spectrum of received signal 2F. grows/rises and it becomes possible
to solve signals with the smaller temporary/time (angular)
shift/shear. However, this law is accurate only as léng as the main
lobe of radiation remains sufficiently to narrow ones. During further
expansion of diagram it is necessary to consider the highest terms of
the expansion of series (5.33) which leads to the nonlinear frequency
modulation of received signals and the disturbance/breakdown of the
obtained laws. Furthermore, increases the effective duration of
signal T: .
A R

T om-g~m

3 =, (5.38)

whereas the optimum processing of signals and their effective
compression are possible only in comparatively small time intervals
(order of several tenths of second and less), in which there can be

ensured the coherence of signal. Let us illustrate the importance of




™ L aomn ai st i adl ek s aslD o St N P S S
T g P adL At . ST S . 2.
e e A S A L SR e e s e e el et S e RS R R SR ST

rebary N R L M g - - e

s e

Ty,

e e
~t e

™

[ T S T . Wt s

DOC = 84150204 race A9 Lo

last consideration based on practical example. If we accept R,=10°‘ m,
A,=3°10"2> m, A=0.017 rad (=1°), v=300 m/s, then 2d=400 and T=0.5 s.
Consequently, even with a comparatively narrow radiation pattern the
duration of signal from the point of view of the possibility of its'
coherent processing has critical value. For the same reasons the
velocity of the displacement of antenna v has a value. As a result
for the given specific conditions for the work of system the optimum

sizes/dimensions of antenna or the optimum width of radiation pattern

can be determined.

Page 19S5.

In the literature it is emphasized that phenomenon of
"compression” of diagram is not in contradiction with conventional
representations, according to which maximum resolution, determined by
minimum width of the radiation patter,.is approximately equal to
A,/L. Actually/really, moving antenna accepts radiation/emission from
the oriented object, until the latter is located in range of major
lobe of the radiation pattern. For this time the antenna passes path
of R,A and forms the imaginary antenna with an equivalent length of

Lawa =Ro. The width of the radiation pattern of the imaginary or

equivalent antenna can be 2 (i.e. A./R,4), which coincides with

Lans
(5.36).

Jp—

.

-------- et e e e e e N
ARSI S AL I T N P PR L L IR TR St ) --'..I v..‘-.. ..~'..'...' :'.‘ R A T N T T T ST e e e e RO
f&".'.'.{‘-{'.'iﬂ':\': 'A‘;:'n‘.‘!:.‘hxﬁ.."ﬂz‘. v ot ettt et e e :




--------------

DOC = 84150204 PAGE )ﬁ.?

Let us pay attention to one more fact, which was not considered
in given examination. Phase radiation pattern (5.34) for the
emitters, which are found on different ones of distance R,, is
different. With respect to different there will be for the signals,
taken from these emitters, rate of change in the frequency. The.
permiésion/resolu;ion of the sources of monochromatic radiation in
the range makes the latter in the pr}nciple with possible [16].

However, range resolution is comparatively low and for its increase

apply broadband, in particular pulse, radiation/emission.

Relationships analogous to those which were obtained in
examination of direction finding from aircraft, occur with
survey/coverage of earth's surface from satellites [16], derived in

circular orbit (Fig. 5.2). In the figure, as earlier, &, and & are

two positions of the phase center of antenna at the moments of time
t, and t, respectively; U - radiating point; 4 - displacement angle :;?3;
(it is assumed that the direction of the maximum of radiation pattern ”uf*w
is oriented along the normal to the trajectory of satellite); H - !?TTj
height/altitude of circular orbit; r - radius of the earth.

Furthermore, one should consider that the satellite, derived in

circular orbit, has the constant velocity, equal to ;f;;

r
v=791 V,—m km/s, (5.39)

..........
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and the constant angular velocity

FORFIRY

=17 (5.40)
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Fig. 5.2. Survey/coverage of the Earth with ISZ [UC3 - artificial
earth satellite]. Ud,sH; OH=r; UO=H+p; Ob=H+r.

Page 196.

From the figure it follows that.

sin®  sin(d 4 ) .
= - 7] . (5.41)
Taking into account smallness of angles u and 8 latter/last
relationship/ratio is converted in
°""";T' (5.42)
and, therefore, displacement angle is linear function of time
r_(t=tio 5.43
= . (5.43)
We further find distance U® (H+p):
H4p=m=Vratorir+HHcosp+(r+H =~
aH}/1+'tﬂoh (5.43)
;
In all in practice interesting cases second term in radicand is
substantially lower than one. Therefore
2
,§£%;1ﬂ;u (5.45)
We respectively obtain: phase radiation pattern
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r+H =HO? -
o 1 (0) = - (3.46)
r- . . 3
X contraction coefficient
X 9K At
i . 2d - ’_+r_”_ - (5.47)

and the effective duration of the received signals

ralftitl (5.48)

L 3

Usually H<<r and ratio (r+H/r) in given formulas can be accepted

by equal to one. If we, as in the preceding case, place A,=3-10"* m,

i A=0.017 rad, and trajectory height of satellite to take as equal to
- H=2.10° m (corresponding value of the satellite velocity v=7.90
g km/s), then there will be obtained 2d=7.5-10° and T=~0.43 s.
- Page 197. 1
: - Y
I During conclusion/output of relationships/ratios, connected with . :
survey/coverage of Earth from satellite (Fig. 5.2), maximum of -
antenna radiation was oriented on vertical line down. If the maximum ' ?
. , .
of radiation/emission is oriented again in the plane, normal to the 1
flight trajectory, but at certain angle B to the vertical line, then 1
_g are obtained the analogous relationships in which only H should ,
H replaced by R,=H/cosg. o]
r ;
b :
3 In examined examples the basic is the change in distance between 5
) 4
N s
ti ]
i }
‘ -
E;
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phase center of antenna and oriented radiation source is. In this
case it is not important, which of two interacting objects (antenna
or emitter) remains motionless, and what it is moved. Therefore, in
particular, the results, obtained in a latter/last example, can be
used to the turned case-- to the case of trajectory measurements

- [(17], when the antenna, arranged/located on the Earth, is motionless,
and the satellite or radiation source, which is located on the
satellite, is oriented. Let us assume, the direction 9=0 of the
maximum of the radiation pattern of the motionless antenna,
arranged/located on the Earth, is oriented on the vertical line
upward. The oriented satellite is found in circular orbit with a
known height/altitude of H (Fig. 5.3). in the figure & - the phase
center of motionless antenna; U, and U - positions of the center of
mass of satellite (emitter) at the moments of time t, and t
respectively. It is necessary with the maximum accuracy to
rate/estimate the moment/torque of intersection by the satellite of
plane, normal line of flight and by passing through the direction 9=0
(moment/torque of passage by the satellite of the crosspiece of
antenna). The law of a change of the path difference in this case, as
in preceding/previous, it is described by formula (5.45).
Respectively phase radiation pattern and contraction coefficient of
diagram are again expressed by relationships/ratios (5.46) and

(5.47).
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Latter/last example is interesting to those that illustrates

a s,
LA

x _w T

possibility with motionless antenna (and moving oriented object) to

Y
L

e

PRI AEA

DRI &4
y

have to effective antenna (and moving oriented object) to have

effective or "compressed" width of radiation pattern, considerably
smaller than ratio of wavelength A, to extent of aperture L, and to
provide respectively high angular resolution-and accuracy. Treatment -
about the imaginary antenna here is not applicable. Antenna accepts
radiation/emission f}om the oriented object in the space, whose

extent is equal to the length of the real aperture of antenna.
Consequently, the resolving is not the extent of the space, occupied

by antenna in the process of its interaction with the oriented

object, but the qualitative change in the phase antenna radiation -
pattern or phase of received signal, caused by the mutual

displacement of antenna and oriented unit.

-
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Fig. 5.3. Direction finding with the aid of the motionless antenna of

the source, arranged/located on ISZ, ®H,=H; O®=r; PU=H+p; OU,=r+H.

_ Page 1S8.

Noted possibility of uéing phenomenon of "compression" of
radiation pattern or principles, placed as basis of action of
antennas with synthesized aperture, in systems of trajectory
measurements of orbital objects is of great practical interest. In
particular, is of interest the indicated in [67] identity according
to qualitative indices of the systems of the optimum filtration of
the signals, taken by synthesized aperture, and the measuring systems
of Doppler frequency. Signal frequency, taken from the source, which
is located on the satellite, which for simplicity relies by that
derived on the circular orbit (Fig. 5.3), according to (5.43) and

(5.46) is expressed by the formula
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’ Potot g i =l 0

i and is determined the angular position 9 of satellite relative to the
orienting station. Analogous results and corresponding formulas can
be obtained in the more general case, when satellite injected into an
elliptical orbit, and station ¢ is located out of the-orbital plane.
'Is necessary only in accordance with what has been said above the

preliminary knowledge of orbit or ensemble of the possible orbits of

satellite.

Let us give one additional example to possibility of using
phenomenon of "compression" of radiation pattern [62]. We assume (for
L example, in early-warning radar), that there is conducted flat/plane
Fl rotation or oscillation of comparatively narrow radiation pattern
Zé around point O, which does not coincide with the phase center of
ii antenna (Fig. 5.4). On the figure there are depicted radiating
;ﬁ (reflecting) point M, two positions of phase center &, and & at the

;3 moments of time t, and t, r - radius of gyration of phase center, R,

and R,+p ~ distance of the radiating object at the moments of time t,
and t respectively. The direction of the maximum of radiation pattern
is oriented along the normal to the trajectory, described by phase
center. From the figure it follows that

sing sin® _ sinv

- . 5.49
r ﬁo+’ E0+P ( )
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Keeping in mind smallness of angles u, 9, v and condition R,>>r,
it can be assumed that o
ne=0; Y}-‘va(l—fa)a. (5.50) L J
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Fig. 5.4. Direction finding with the use of rotation of antenna

around the axis not passing through the phase center.
00-000-"('4' H; HDo=Ry; "¢-'Ro+0
Page 199.

Further,

Ri+o= VR, +r)P+r7 —2(R, +r)rcosy =~
ARy 47 (l —ceos Dy, (5.51)
whence

rd?
= (5.52)

and, therefore, phase radiation pattern and compression coefficient

are equal to

]
and L®=—=— (5.53)

d =—— (5.54)
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The gain in angular resolution and accuracy in early-warning
radar described by us is caused by motion of antenna in
circle/circumference of comparatively large radius. Respectively
grow/rise the sizes/dimensions of the space, occupied by the antenna
in the process direction finding. It is natural that the antenna,
which occupies all this space (i.e. the increased sizes/dimensions)

and which rotates around the axis, which passes near the phase

center, will also have an increased resolution and an accuracy.
However, it is possible to visualize the cases, when is more
profitable to have the small antenna, moving in the
circle/circumference, than the large antenna, which rotates around
its axis. In all remaining given examples the mutual displacement of

antenna and oriented unit is organically inherent in systems

"compression” of radiation pattern and an increase in the resolution
and accuracy are obtained only after it on account of the use of

optimum coherent perfecting of the oscillations adopted.
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Page 326.
List of principal notations.

List of principal notations, used in text, is given below. Many

designations are encountered for the elonga}ion/extent of the entire

book, whereas others have the limited use. In the latter case the

chapters, where these designations are used, are indicated. Chapters

& are indicated also for those designations, which make different sense
S in different chapters.
h A=|A;l, B=||B;;ll — informational matrices/dies when is fixed/recorded

the oscillation/vibration adopted or the transmitted

communication/report respectively.

O
!

constant coefficient, normalizing factor.

velocity of propagation of electromagnetic waves.

AR ) Devorasny
Q
1

[N
|

product of the width of the spectrum of signal to its duration.

distance between the phase centers of two antennas.

.............
..........
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E - energy of signal.

f - frequency.

£, -_carrier frequency.

F - effective width of the spectrum of signal.

i: Fex— root-mean-square width of the spectrum of signal.
F(t) - the law of frequency modulation.

F - rate of change in the frequency.

-I F1 | and arc §| | — straight/direct and inverse transformation of m

Fourier.

Ei / G(f) - the spectrum of complex signal amplitude envelope S(t). s

¢

~

%
e

K
o

Page 327.

h(t), h(t,; t,) - the pulse responses of linear system.

i, 3, k, 1, m, n - natural numbers.

N

-~
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o
_n.d
5
N I(z) - amplitude-phate distribution on antenna aperture (chapter 7). R
e S
N j
N k - constant coefficient. x
o .
F ! - likelihood ratio (Chapter 1), the symbol of the envelope of ;
;f high-frequency process. -
-
~d
L - extent of the aperture of line-source antenna. 5
Z(Z) - one-dimensional (multidimensional) region, abstracted/removed 'f"t
under the aperture of antenna system. —
m - number of solvable elements/cells in the space of ;5
communications/reports, a number of channels in the diagram of S
jE optimum working/treatment, numerical length in the binary
ﬁs communication/report (chapter 4).
;; M - number of transmitted communications/reports, a number of levels
E: of quantization, a number of elements/cells in the pseudorandom FM
F signal. )
- n(t), n(t; ) - the random function, which presents interferences.
Fi
” i-
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ﬁ(t), N(t) - complex representation and complex envelope of

1
o
4
=
R
o
o

H

R
)
N
L
'l
‘»l
S
'Vl
e
~"
a

interference n(t).

N, N* - the numbers, transmitted in the digital communication system,

x and their evaluation/estimate.

#% — spectral intensity of the field of interferences at the input of

receiving antenna [V? s/m]. 8

p(A) - the probability density of continuous random variable A.

L ol

) 5

Page 328.

RN

a0
[

!- ~ P(M)— Qistribution of probability of discrete random variable A« R

Pomi(Pom) — conditional probability of error during the transmission of

the i signal.

Pomep— average/mean probability of errors during the data

" transmission ensemble of communications/reports.

-

% |

‘ p(x|y) - conditional probability density x under the condition of
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realization vy.

.
< 5
ii p(A|u) - a posteriori probability density.

p(glk) - the function of plausibility.
q(\) - correlation integral.

g+ (A) - correlation integral for the conjugated/combined signal s..

Q(A), Q(A) - complex correlation integral and its modular value. ,;::
—
Bea
d(r). Q(\) — signal function. )
-, :_. R
de(M; M) — Signal function for the conjugated/combined signal s.. ~ -4
9,;. (M M) — complex signal function and its modular value. ;i

{
]
-r Z : : ;;4
L r, r - radius-vector and its modulus/module. -1
: =]
< - 1
k} R(t,; t,), R(t,, t,; r,, r,) - correlation functions. In the combined ’]

examination of several random processes of n(t), e(t) and so forth;

o correlation functions they are designated R R, and so forth.
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hﬁ R - distance from the phase center to the oriented radiation source o~
’-': :.1
o (ehapter 5). R
_.:; .,L]

4

1

s(t; \) - the transmitted (or adopted) radio signal.

L Page 329. v oo . . . ]
s.{(t; ) - the function, conjugated/combined according to !{i
Gilbert/Hilbert (or quadrature) to s(t; ). o
S(t; A), s(t; ) - complex representation and complex signal E
amplitude envelope s(t; \). Bt

s.(t; X)), S,(t; \) - elementary signal and its compléx enveloping.

s, (2, S; (:2) — periodic sequence of elementary signals and its complex

enveloping.
)
t - time.
T, - repetition period. -
T - effective duration of signal, the duration of the interval of
observation (Ghapter 8). o
- L
D)
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Tex— root-mean-square duration of signal.

(T,, T,) - the interval of observation. . ‘?f

u(t), ul(t; T) - the oscillation/vibration adopted. ¥

u(t), u(t) - complex representation and complex envelope of

oscillation/vibration u(t).

L
v - rate (Ghapter 5). R
L
v(dm) — vicinity of point Am :

oi(t; f2) — nucleus, reverse/inverse to p«(ts h).

x, v, z(r, B, 9) - space coordinates in the Cartesian (spherical)

coordinate system.

—
g R .
e Coala
L bk

Y()), Z(A) - the output effects of the system of processing signals.

a(:) - the scalar (vector) immeasurable parameter of signal. ;;ﬁf
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~ B - angular coordinate in the spherical coordinates.
B(9) - the amplitude antenna radiation pattern.

v(9), 7(9).- the complete (complex) radiation pattern of antenna

. system. .

- Page 330. .'14
y(t) - the cutting function.
r(f) - the Fourier transform of the cutting function.

8(f), 34— delta function and the symbol of Kronecker.

O INATARTAPSIATR  DERERIARR

< A - space of quantization, the duration of the elementary pulses of C
- pseudorandom FM signal, the effective width of the antenna radiation

a ) ©  pattern (Chapter 6, 8).

;
ﬁ e, ¢ - complex parameter of intensity &::-d%=}c+-hg and its
ﬂ modulus/module. .
# T
N . R
% to— mathematical expectation e(<é>=<eje.>=es <e>=0), R
o X
L) - .
o N
R
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: (e — unit vector, arranged/located in the direction 8, 9. 4
y ]
: S
i ni({) — output effect of the i servo meter[llhapter 6).

9 - measured angular coordinate, angular coordinate in the spherical

. coordinates. ' 4
{5 f=sin 9 - generalized measured angular coordinate. .}»}
4
~ e(t,, t,), 6(t,, t,, r,, r,) - the nucleus, reverse/inverse of the o]
- correlation function of the oscillations/vibrations u(t) and u(t R
. > ]
i adopted; r) respectively. -~

6 - rate of change 4.

Cal

=
A(d) - the scalar (vector) measured parameter of signal, wavelength

(Chapter 5, 7, 8).

L,
Calalala

3 - > :
o Ax, , Ax - evaluation/estimate of the parameters A and A, maximum

A likelihood estimate (Chapter 6).

- - Lo
: Ax%, Axx - evaluation/estimate according to the maximum of a N
Q posteriori probability (Chapter 6). f%}
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i Page 331. - '
s R
I . e
-‘ A"Q )-"—- - i i
' true value of the measured parameter. {

‘m Am— pOint of the maximum of the function of plausibility. T
p Ao, ko — Feference value of the measured parameter.
) D
i Aixop— Width of the region of high correlation from parameter. S

Awm, Avaxe — range of change in the parameter A.

‘ l
A

A, A* - space of communications/reports and the space of

evaluations/estimates. ‘

Ty Y T Y
. I .

= u - energy relation is signal/noise.

E ) vi(t) — error of the i servo meter ((hapter 6).

. p - path difference of rays/beams (Chapter 5), average/mean risk 3
¥ (Chapter 1). 1
. -
5 2
ﬁ SR
o pi(ti: 12) — correlation function of output effect ni(Y) (Chapter 6). T
N T
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.
i , ]
- p(t,; t,) - the normalized correlation function of multiplicative o
- interference (Chapter 8). .f%
::‘ Py
o(t; \) - the reference signal of the optimum system of processing.
.l ai.ﬁ-— dispersion of the evaluation/estimate of the parameter \, the
ﬁf dispersion of arbitrary random variable ¢. -
o
I=|Zyll — matrix/die of the covariances of measuring errors. 4

r - time lag of signal.

® - initial phase of oscillations/vibrations, the modulus/module of f%&
vector ¢ (Chapter 7). if:
. —

4

= .
@ - vector of spatial frequency (Chapter 7). g
$ - Doppler frequency shift. .

x(?¥) - the phase antenna radiation pattern.

Page 332.

v() - ambiguity function.
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$(), ¥() - complex ambiguity function and its modular value.

(1 () ¥, ()~ complex ambiguity functions of elementary signal,
periodic sequence of elementary signals and cutting function.

i

— .
o=t, r - generalized space-time coordinate.
a .
Q@ - range of change w, angular rate of scanning (Chapter 5).

N
Q(f; o) - three-dimensional/space - temporary/time -energy

interference spectrum.
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