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BROADBAND RADIO COMMUNICATION.

A. M. Semenov, A. A. Sikarev.

orders of the Rel Bannar of Labor the military publishing house of

the Ministry/Department of Defense of the USSR Moscow - 1970.

Page 2.

Broadband ralio communication. Voenizdat, 1970. 280 s., 10.000

copy 63 kopeckss.

Broadband radio communication of the series valuabls properties:
by large reticence and by interference shielding (in comparison with

usual radio communication), the possibjility of th2 readoyt, etc.

FTD-ID(RS)T-0122-77
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In the book, written using the open Soviet and foreign
materials, are examined the fundamental principles of construction

and special feature/peculiarity of broadband communicatinj systenms,

are given examples of the realization of such systems, are shown the

prospects for their further development and use in raiio

communication.

The book is intended to the cadets of the military schools,
students of the military academies and officers of tha troops of
communication/connection. It can be also used by the wide circle of
the readers, who are interested in the problems of the contemporary

technique of communication/connection.

Page 3.

Preface.

In passed decade noticeably increased the interest of the

specialists, working in the range of radio communication, in the

so-called broadband methods of the transmission of

FTD-ID(RS)T-0122-77
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report/communications on radio channels. Is explained this by the
fact that the broadband radio communication in comparison with usual
possesses a series of the valuable (especially for a military radio
communication) properties: the high correctness of the transmission
of information in channels with multiple-pronged propajation and in
the handled sections of range, by larger stability with respect to

spot jammings and somewhat by larger reticence.

In recent yeirs in Soviet and foreign periodicals appeared the
large number of works, dedicated to the in-depth investigations of
separate aspects and to the description of the
concrete/specific/actual specimen/samples of the systams of broadband
communication/connection. However, the wide circles of the
specialists of radio communication are still little familiar with the
fundamental operating principles of such systems. This is explained
by the absence of those generalizing and at the same time the
ayailable to wide circle readers of the works, in which the
principles of the construction of broadband systems would be examined
from unity of opinion with the detailed analysis of th2 physical
essence of phenom2na, and also by the fact that for the construction
of broadband communicating systems are utilized some specific
principles, whicn are based on the last/latter achievements of

statistical radio engineering.

q
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The proposel book must to a certain degree complste the
indicated gap/spacing. In this case in it is enveloped only the basic
group of the questions, on understanding of which depends the
possibility of further deeper research cn broadband

communication/connection.

Page 4.

In presentiny the material the authors approached possibly the
simpler and more available interpretaticn of very complax processes
and principles, lying at the base of the work of the broadband
transmission systems of discrete information. Into the book are
introduced some common questions, which relate to the statistical
theory of communication/connections, without understanding tha which

the work of broadband systems cannot be correctly understood.

fonplic

Introduction, chapter 1 and 5 are written by A. M. SamenovE‘gT?

2, 3, 4 - by A. A. Sikarev; chapter 6 and conclusion are developed by
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the authors together.

The authors express their gratitude to all comrades, who gave a

series of useful advice in the process of the work on the book.

All wishes and observations about the book one should guide to:

Moscow, K-160., Voenizdat.

Page 5.

Introduction.

Radio communication has at present exclusively important value

in all branches of the economic and cultural life of our country.

Stable control of troops under conditions of modern combat is

also unthinkable without the wide use of a radio communication.

Important place and value for a control as troops has short-wave
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radio communication, and also the radio communication, which uses
tropospheric or ionospheric scattering and reflection from meteor
trails. By the most important and most valuable property ?f these
forms of radio communication is the possibility of the astablishment
of the direct/straight communication/connection between the moved

away from each other correspondents at the limited pow2r 2f radio

transmittar.

At the same time the continuous and whole being accelerated
increase in the number of radio stations, which work in skip band,
led to the fact that as a result of the large number of
simultaneously working radio stations very strongly increased the
level of interferasnces, and the problem of the distribution of

spectrum and rigid requlation of its use it became difficult solved.

Under these conditions the solution of the problem of providing
a stable radio conmunication on skip band became necessary to search
fcr not only by the path of the search of measures for a decrease in
the interstation interferences by the methods of the ordaring of the
organization of radio communication service, but also by means of the
search of such methods of radio communications, which would provide

durable relationship under conditions of unavoidable powerful

st s




poC = 77010122 PAGE 8

interferences. In other words, besides the problem of fight with
interferences arose the problem of providing a radio communication
under conditions unavoidable and during that sufficient powerful

inter ferences.

Page 6.

To the essential factors, which complicates radio communication
and which lower its stability by skip band, and also when using
tropospheric (or ionospheric) scattering or reflection from msteor
trails, one shoull relate also the phenomenon of multiple-pronged
radiowave propagation, when emitted by transmitter signal comes into
the point of reception/procedure on the different paths, which are
characterized each by their phase and amplitude characteristics. This
leads to the fact that the signal at the point of reception/procedure
is the vector sum of the signals, the amplitude and phase
reitacionship/ratios between which they depend on their individual
characteristics of propagation, Since these characteristics
continuously change according to random law, also the power of signal
at the input of receiver continuously changes; these changes are
different at the different frequencies, even closely distant each

other, which leads not only to the fluctuations of lava2l, but also to
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the disturbance/breakdown of the relatjonship/ratios of the frequency

components in th2 composition of signal, i.e., to its distortion. i

The tenda2ncy possible more effective to overcome the noted above

difficulties of obtaining stable radio communication 121 to the

development of tn> fundamentally new methods of using a frequency

spectrum - the methods of the transmission of information with the
aid of broadband signals. Information theories completely justifies
the advisability of applying such signals under conditions of
powerful interferences, frequency "hunger" and of multiple-pronged
propagation. More that, the broadband systems turn out to be
completely justified also when it is necessary to proviia
communication/connection under conditions of the effect of man-made
interferences from enemy (damping) which, undoubtedly is for a

military radio coammunication completely necessary.

The important special feature/peculiarity of the systems of

broadband radio communication is also the fact that during their
practical use turns out to be possible under specific conlitions of

news correspondent's stable reception/procedure even when with the
reception of such signals to usual narrow-band receiver their level

below average intarference level, i.e,, when signals are found "under
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Page 7.

use in the broadband radiolink systems of the signals of complex form
(noise-like) impedes also the extraction of information from signal,
if are unknown th2 data on its structure. This also is guite

significant for a military radio communication.

Broadband radio communication can ensure the high authenticity
of reception with the very small fluctuations of the probability of
errors, while in narrow-band systems sometimes (in the absence of

interference on the given frequency) the authenticity of

communication/connection will be very high, and sometimes very low.
This is caused by the fact that in the band of frequencies of the

narrow-band signal the spectral density of interferences fluctuates

strongly, and in the band of frequencies of the broadband signal it

is little affected. With the expansion of band occurs the averaging

of the operating in this band interferences. 7
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All advantages of broadband systems are caused by the fact that
in them widely are utilized the principles of the statistical theory
of communication/connection, which make it possible most complete to

realize the optimum conditions of the reception of signals.

The methods of broadband radio communication, as a rule, are

designed for the transmission of discrete report/communications.
However, it is necessary to keep in mind that the technician of the
transmission of discrete report/communications have alreaiy have long
it exceeded ths limits of the transmission only of text (telegraphy)

and it composes at present one of the mcst important component/links

of the data-transmission systems for a remote control ani in other

ranges, but the most promising transmission systems of continuous

report/communications (for example, telephone signals) th2y are based

also on their transformation into discrete by the so-called

quantization. Thus, broadband communication/connection can be applied

for many forms of the radio communication: telegraphy, data |
transmissions, telephony and other methods of the transmission of

information.
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The first works, dedicated to broadband systems, were works of
Feno (1952) and A. A. Charkevich (1957). Later both in foreign and in
Soviet literature appeared the very large number of works, in detail
examining the different sides of the problem of broadband

commun icat ion/connection.

Broadband radio communication in its properties and the methods
of technical realization differs significantly from the usual

traditional methods of radio communication.

Page 8.

Most important its differences are use of signals with the frequency
band, considerably wider, than the band of the transmittsj
report/communication, and the methods of selection, based on the

application/use of signals of various forms on that which transmit

and matched with the waveform of filters on receiving ends.

Broadband radiolink systems completely consistent in principle

with narrow-band, i.e., on just one section of range can

. T
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simultaneously work those and others, without exertinjy s2rious

interferences with each other. At the same time it is necessary to
keep in mind that near the transmitter, which radiates broadband
signals, the recaption of the moved away correspondents, who work by

narrow band, is substantially hinder/hampered in an entirs emission

band of transmittar.

The fundamental principles of this form of communication and
path of their possible realization are examined in L. M. Fink's
fundamental work "theory of the transmission of discrete
report/communications" [36], N. L. Tyuermal's works [ 33], A. G. Zyuko
[17] and a series of others. In journal "foreign electronics", No 9
for 1965 was published survey/coverage of the most important foreign
works in this range [27]; to this survey/coverage was applied vast

bibliography.

This book has as a goal to acquaint the wide circle of the

readers with the most important properties, special
feature/peculiarities and the advantages of broadband
communication/connection, and also to give the represantation of some
concrete/specific/actual systems of this communication/connection and

the paths of their realization. For larger convenience in the use of
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the material of the book possibly by the wider circle of the readers

the authors considered advisable to construct the book as follows.

In the first chapter are set forth the fundamental principles of
broadband communication/connection, are examined its fundamental
special feature/peculiarities and advantages, are givan
survey/coverage and classification of the mostd widely use systems of
broadband communication/connection. Research on this chapter does not
require any special knowledge from the field of mathematics and

statistical radio engineering and at the same time can b2 sufficient

in order to clarify the fundamental principles and the ideas,

embedded into such systems.

Page 9.

In the second chapter are examined some most important questions

of the statistical theory of radio communication, substantially
necessary for more a fundamental understanding of the funjamental
principles of the construction of broadband radiolink systems.
Specifically, is given short noise characteristic with radio

reception, is given the concept of the methods of the quantitative
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evaluation of the properties of these interferences as random
processes, are examined the most important positions of the theory of
the potential interference rejection, which lay as the basis of the

construction of broadband systems, are described the operating
principles of fundamental and at the same time the specific

cell/elements of equipment for these systems.

The third chapter is dedicated to the more detailed examination
of the broad class of the so-called mutually correlated broadband
systems, which make it possible to the best degree to realize all
advantages of the broadband methods of communication/connection, but
which possess during their practical realization a comparative
complexity. In this chapter are examined the principles of the
realization of such systems, their freedom from interference, the
block diagrams and the work of the most important elem2nts. A typical
example of the mutually correlated system of broadband
commun ication/connection is the system "Rake" whose description

appeared into 1958 [44].

In the fourth chapter is given the information about the

autocorrelation systems, which are simplest, but not making it

possible to obtain such high results from the freedom from
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interference, which can be reached in mutually correlated systenms.

The fifth chapter is dedicated to the systems, which most
frequently are called discrete-address. Such systems receive at
present especially wide acceptance in the range of VHF for a
radiotelephone circuit, since they allcw in certain fraqu2ncy band to
simultaneously work to the large number of transmitters. In this case
to any subscriber is represented the pocssibility of call and work
with any other subscriber of grid/network so simply, as this is made
with the aid of the automatic telephone station of wira
communication, An example of the discrete-address system, intended
specially for an army radio communication, is the system whose
description appeared in the literature in 1961 [46]. In this system
can be realized the communication/connection between the large number
of subscribers, utilizing a common/general/total for all
communication/connections frequency band. Each subscriber can

immediately cause other.

Page 10.

The span of range here is substantially more than for one narrow-band
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chapnel, but is considerably less than the necessary frequency band
for the realization of the system with frequency division multiplex

or any to another, in which to each subscriber it would be

abstract/removed its frequency band.

In the last/latter chapter of the book are placed the materials,
which make it possible to conduct a comparative evaluation of
different broadband systems according to their interference shielding

and their comparison with narrow-band systems.

Entire material in the book is presented in connaction with the
use of broadband signals in radiolink systems with the maximum
isolation/liberation of the physical essence of phenom2na and the

interpretation of the most important results, obtained racently.

skt o o "
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MT/ST-77-0122

Page 11.

Chapter 1.

&mnvmeﬂmd

GENERAL INFORMATION ABOUT BROADBAND RADIOWSN SYSTEMS.

§1.1. Basic concepts. Base of signal.




DOC = 77020122 PAGE 27 /0o

until recently in the development of radio communication ruled
the tendency of an all possible reduction in the spectrum, occupied
in ether/ester by transmitter during the transmission of
report/communication, to maximum possibilities. This was explained
first of all by the fact that than already the spectrum of signal,
the more number of radio stations it can be placed in th=2 assigned
section of frequency band, providing the absence of interferences.
The tendency to throttle/taper the frequency band contributed to the
achievement of thzs large successes in the range of freguency fixing,
to the creation of highly efficient selective systems ani to the wide
introduction of the most effective in relation band of frequencies of

single-band modulation.

The high degrees of frequency fixing of radio stations and the
narrow frequency bands, occupied by signals, made it possible at the

same time clear to regulate the use of a fregquency range.

In recent yeirs the majority of the ranges, utilized for a radio

communication, and first of all skip band, turned out to be so

handled that the clear requlation of frequencies turned out to be

W“ o —
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i
|
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completely impossible and with interferences it became necessary to

consider as the unavoidable phenomenon.

The tendency to ensure durable relationship under conditions of
interferences and to eliminate the effect on the stability of the
communication/connection of the phenomenon of multipla-pronged
propagation they led to onset and development of opposite tendency -
toward the use of complex broadband signals and toward failure within

certain limits from the traditional method of the gselaction of radio

station in frequency.

Page 12.

In broadband discrete communicating systems unlike the
communicat ing systems, which use the simple signals, when each
realization of signal (for example, release and pressure in binary
systems) is the cut of harmonic oscillation, which differs in ternms
of amplitude, frequency, by the initial phase or several of these
parameters, the cell/element of signal is not the cut of harmonic

oscillation, and it has more complex form.
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To utilize for the first time complex noise signals for the
transmission of information proposed A. A. Charkevich [37]. He
indicated the possibility of using a noise as carrying
oscillation/vibration (carrier). By a change in the intensity of
noise it is possible to carry out modulation, similar by usual
amplitude, while by a change in the cut-off frequencies of the noise

spectrum - frequancy-noise modulation.

Figure 1.1.1 gives the block diagram of the formation of

noise-like signal, proposed to F. Lange [21). 6ne realization of

signal here is formed by the sum of the initial noise z (t) and the
same noise, shifted for a period r, with the aid of delay line, but
another realization - by the sum of the initial noise and the same

noise, delayed for a period r,.

Another example of the formation of noise-like signal is given

in the diagram of Fig. 1.1.2. Here of the input of delay line, which

has the large number of removal/outlets, for the transmission of each

cell/element of signal is supplied narrow pulse.
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Output broadband signal is obtained by means of the addition of

the group of the short delayed pulses, removed in the removalsoutlets

of delay line.

S P mow s ap—ta=
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Pig. 1.1.1.

Key: (1. Delay line ry. (2). Noise generator r (t). (3).

Cascade/stage of addition. (4). Modulating stress to transmitter.
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To each realization (for example, to pressure and release)

corresponds its group of removal/outlets.

The more skeletal diagram of the formation of serrated signal is
given in Fig. 1.1.3. Here to the input of the group of narrow-band
filters is supplied momentum/impulse/pulse sufficient short duration
(6- momentum/impulse/pulse). After each filter is included
amplifier-attenuator, which determines the transmission factor of

each component {fx), and delay line, also with the individually

selected for each component delay time (m).
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Fig. 1.1.3.

Key: (7). Input (6-momentum/impulse/pulse). (2). Output/yield. (3).

Narrow-band filtecrs. (4). Amplifier-attenuator. (5). Delay circuits.




DOC = 77040122 PAGE 44~ 2%

Page 14. s

By a change in the number of tilters (n), of frequencies of these

filters (oa), values PBr and ™ it is possible over wiie limits to

vary the form of the form/shaped serrated signal. It is not difficult
to see that the earlier examined diagram (Fig. 1.1.2) is a special

case of this more ccmmon diagram.

Let us note that by a change in values B, m, wa in the
determined law can be reached the further ®"complication" of waveform.
As one of special cases of kroadband signal can serve, for example,
the signal with the linearly changing frequency, which found use in
radar. It is possible to give the very large number also of other

examples of broadband signals.

At the present time, specifically, finds wide acceptance the

method of the formations/education of broadband signals with the aid
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of the carrier modulation frequency by binary pseudorandom sequences.
This sequence (Fig. 1.1.4) is tormed by the video pulses 2f the
rectangular form of two forms (positive and negative, or otherwise
""" and “0O", The duration of these momentum/impulse/pulses is taken
identical (4), a the character of alternation it is deter mined by
the selected law of coding. These sequences were called the name
pseudorandom, since to outside observer the law of alteration was

unknowne.

The formation of this pseudorandom sequence virtually most is

simple to carry out with the aid of the so-called shift registers,

which are devices for the memorization of multidigit binary number.

]
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Page 15.

As an example Fig. 1.1.5 gives the block diagram of thres-stage
register, which includes three Origger circuits, clock pulse
generator and summator on module/modulus two. Each 0Origger circuit
has two steady states (" 0" or "1"). The shearing rate of information
(momentum/impulse/pulse) in register corresponds to the repetition
frequency of clock momentum/impulse/pulses. The summation over

module/modulus two is determined by the following table of logical

addit ion:

1+1=0
0+0=0
140=1
0+1=1

Let us assume that in the initial state "unit" it was recorded
in the first cell, i.e., in register was recorded combination 100. By

the first shift pulse from clock pulse generator the state of the

first and second cascade/stages is shift/sheared respectively in the
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second and third cascade/stages. Being summarized by module/modulus
two, the information of the second and third cascade/stages it enters
the input of the first cascade/stage. Is obtained combination 010. In
the following stage to the first cell will enter the result of the
addit ion of the states of the second and third cells, and the state
of the first and second cells will pass to the second and third. Will
be obtained combination 101. Subsequently they will follow

combination 110, 111, 011, 001 and 100, whereupon cycle is repeated.
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Faey Al

Key: (1). Summator on module/modulus. (2). Clock pulse generator.

(3). Output/yield. (4). Origger circuits. (5) . Summator. (6).

Output/yield. Page 16.

Output voltare (output code) is the sequence of th2 states of

the last/latter (the third) cell and in our case takes the form of
seven-symbol group 0010111 (Pig. 1.1.5). The durations of all
momentum/impulse/pulses /; are identical and are determined by the
parameters of the diagram of Origger circuit, The number of cells can
be increased, but to summator is not compulsory to connect the
cutput/yields ot the last/latter cells. In the same figure is shown

the register of ten Origger circuits and with feedback on €-s cell.

Switching the cascade/stage, to which is included the feedback,
changes output combination and is utilized usually for the exchange
of the output sejquence of momentum/impulse/pulses - cole. The maximum
number of the bits of code is determined from formula m=2rn_| vhere
n - the number of Origger circuits. Let us emphasize that this
formula characterizes the maximum length of code, which is obtained
with the determined connection of cells to summator. From the
aforesaid it is clear that with the aid of a comparatively small

number of cells in register it is possible to obtain the sufficiently

prolonged cycle of work. For example, with m = 10 period will compose

1023 units. I
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The formed in a described manner sequence of video pulses is
utilized for the formation of high-frequency broadband signal either
by means of its direct supply to the balanced modulator, to another

input of which they are supplied the fluctuation of carrier frequency

or by means of supply to band-pass filter (Fig. 1.1.6).
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Key: (1). Pseudorandom sequence. (2). Balanced mpodulator. (3). Output

signal. (4). Generator. (5). Pseudorandom sequence. (6). Band filter.

(7) « Output noise-like signal. Page 17,

In the first case at the output/yield of balanced modulator are

obtained the fluctuations of carrier frequency with phise jumps
according to the law of the sequence of momentum/impulse/pulses "Q"
and "1" at the output/yield of register, i.e., the so-called
phase-code~-keyed signals. Such signals find a use in discrete-address

or in mutually correlated systems.

In the second case, when the pseudorandom seqguence of video
pulses enters the input of band-pass filter with band F and medium

frequency f,, filter passes the only harmonic components, which lie

at band F, and as a result the output potential of filter obtains

noise-like character.

Mathematically serrated signal is conveniently presented in the

form Fourier series in the interval of the duration of signal (T)
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z,(t)= k°z° (an cos Kuyt 4 by sin kogt),
0<t<T,

where wg = 27/T; k is a number of the component of signal (k = 0, 1,
2, 3, ««.):; r ~ the number of realizaticn (for binary system r =

1.2).

In the majority of the practical cases broadband signals for the
radio communication are taken such, in which the only finite number
of Fourier coefficients in the given formula differs from zero, but

the number of realizations is equal to two (pressure, r=lz2ase). In

these cases the expression for a serrated signal is reduced to the

form
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ky \
z,(t)= 3 Ek (a,, cOs kegt - b, sin kogt) =

ke '
=‘ :"“k‘ Ark cos (kw0t+ (Prk)v 0<t < T. (lll)

el o a e
where Au—VaE.-}-bf,, ?u=—~arctga—"'.
rk

With this sijnal of component frequency they range from ;-fk,=’;—’
to ;—Ek,=%. where k;, (k; + 1), .. k, are integers.
Page 18.

The frequency band, in which are contained the discrete
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components of sijnal and the fundamental part of it of energy

spectrum, is determined in this case by the expression

The product of this value and the duration of the cell/elecment
of signal B = FT is accepted to call the base of signal. The value of
the base of signal characterizes the ratio of the width of the
spectrum of signal (F), that depends on the method of signal
condi tioning (form of coding), to the width of the spectrum of the
report/communication, determined by the speed of transmission of
information, i.e., by the value of the reverse/inverse duration of
the cell/element of signal (1/T). For the signals, called broadband,
characteristic is the value of base, considerably greater than one.

Virtually values B reach 100-1000 and more.

Figure 1.1,7 shows energy spectrum S (f) of the signal, which is
expressed by formula (1.1.1), for two values of base. Than more FT,
those all large part of the energy of signal turns out to be that

concentrated in band F. For better/best understanding the question

concerning the base of signal, let us turn to examples.
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Page 19.

Let the report/communication is be the alternating current
(pressure) and noncurrent (release) premise/impulses by duration T
(period of manipulatjon 2T, the fundamental frequency of manipulation
1/2T) . Such report/communications can be presented in the form of the
sum of the large number of sinusoidal fluctuations whoses frequencies
are multiple to the fundamental frequency of manipulation. For the
satisfactory reproduction of report/communication with reception it
suffices to transmit only its low-frequency components in the band of
frequencies F = 3/2T, called the spectrum of report/communication.
During the off-on modulation of transmitter this report/communication
the frequency band, occupied by the transmitter, will be two times
wider than the spectrum of report/communication, i.e., it will
comprise 3/T. With single-band modulation it is equal to 3/2T, i.e.,

to the band of the report/communication itself.

Thus, the base of signal in the first case is equal to two, and

in the second case - unity. The values of the bases, close to unity,

are characteristic for all narrow-band systems. For broadband systems

as already it was said, values B reach several hundreds and even

thousand.
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Will give the estimate/evaluation of the frequency band,
occup ied by transmitter at the different speeds of transmission of
discrete information and the different values of base. If we assign
the speed of transmission of discrete informaticn 50 bauids (T = 20
ms), then for using a signal with B = 1000 will be required the band

2 B 108
of frequencies Fpoy= P

=50- kHz. At speed 1200 bauds and the
same value of base will be required the band of frequencies F(yg=12
MHz, which in skip band cannot be carried out virtually. If necessary
to provide such the high rates of the work of value B th2y are

selected smaller (for example, 100).

From the aforesaid it is clear that the larger values B can be
provided for at the lower speed of work. Figure 1.1.8 graphically

shows the interdependence of the rate of the work of the band of

frequencies (F) and of base.
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As we shall see from the further paragraphs of this chaptar, the

major advantages of the use of broadband signals are caused by the
precisely large value of their base. Hence it follows that if there
are limitations in the question of the expansion of the band of
signal (but they always appear as a result of the technical

difficulties of designing of broadband receivers, transmitters,

antennas and due to a difference in the conditions of radiowave
propagation within limits of very broad band), then the advisability

of passage to broadband systems considerably more at the lower speed

of work.
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rig. 1.1.8.

Key: (1). Band of frequencies, kHz. (2). Speed cf transmission,

bauds. Page 21.

§1.2. On the possibility of the simultaneous work of a series of

broadband systems in just one section of range and the joint

operation of broadband and narrow-band systems.

At first glance it can be shown that the passage to the use of
broadband systems for purposes of communication/connection decreases
the number of radio stations, which can simultaneously, also, with
that without interferences work in the assigned section of range. On
the matter itself this not entirely so, since it turns out to be
possible in one and the same the frequency band to simultaneously
work to a comparatively large number of transmitters. Their selection
at receiving end will be in this case realized not in frequency, but
in form of signal. The possible difference in the wavaforms can be
very large. Tt is the greater, the greater the base of signal.
Consequent ly, t he more the base of signai, i.e., the freguency band,
occupied by transmitter at the given operating speed, the more numbpr

of transmitters it can simultaneously work in one and the same the

I e o e e b e el

S R e e e e g -




DOC = 77020122 PAGE 29~443

frequency band. In this case, of course, is assumed th2
application/use at the receiving end of so-called optimum processing

signal with the aid of matched filters or correlation diagram.

Let us explain first in a simple example of the possibility of
the formation of the broadband signals of various forms and their

selection at receiving end. Let be realized the telegraph work at the

L e —————

definite speed, by which the duration of the cell/elema2nt of
report/communication is equal to T. We convert each such cell/element
of report/communication with the aid of the diagram, shown in Fig.
1.1.2, into the series the following in the determined sequence more
narrow pulses of length 1. The law governing the following of these

pulses for each realization of the cell/element of report/communication
(pressure, release) let us accept different (Fig. 1.2.1).
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Key: (1)+ Communication element. (2). 1-st realization (pressing).

(3). 2-nd realization (release).|Page 22.

If we high-frequency oscillations key by the obtained narrow

pulses, then the frequency band will be in T/v tinmes wider than with




pDOC = 77020122 PAGE .a-ry(

modulation of hiyh-frequency oscillation directly the

momentum/impulse/pulses of communication by duration T. For another

correspondent, who works in the same frequency band, let us select

other sequences of narrow pulses both for the release and for a

pressure, In order that the correspondents it would be possible to

distinguish, we utilize on the receiving end as matched filters of
delay line in removal/outlets (Fig. 1.2.2). In this matched filter
the momentum/impulse/pulse, which entered to infput, passes from the

beginning of line to each removal/outlet for the accurately specific

time.

Removal /outlets from delay line for the isolation/liberation of
each realization of signal are placed so that when the first of the
momentum/impulse/pulses of signal appears at the last/latter
removal/outlet of delay line, the second momentum/impulse/pulse will
arise on penultimate, the following - on the third from end/lead,
etc. Since all removal/outlets are connected in parallel, all these
momen tum/impulse/pulses storesadd up (it is realized roll) at the
torque/moment of the termination of the cell/element of signal

(premise/impulse by duration T).
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Bigs Vo2.2.

Key: (1). Delay line. (2). Adding device. (3). Output/yield of 1-1

realizations. (4). Adder. (5). Output/yield of 2-1 realizations.

If of the input of the datum of delay line enter the

momentum/impulse/pulses, transmitted in another sequance

(momentum/impulse/pulses of another realization or another
correspondent's momentum/impulse/pulses), then on the removal/outlets
of line will appear momentum/impulse/pulses into the noncoincident

torque/moments of time and stress it will turn out to be small. Rolls

it will not occur. The appearing in this case stress is accepted to
call stress from system interferences, It is understandable that for
data acquisition correspondent in binary communicating system it is

necessary to have two matched filters, for another correspondent's

reception - two other filters, etc.

The shorter will be the momentum/impulse/pulses i the more

respectively it will be their number for time T, i.e., the more will

be the frequency band or the more the base of signal, fact those more

differing one from another combinations can be used for the
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forma tion/education of different radio channels in one and the same
the frequency band. Is clear also the fact that, the greater the
transmitters it will to simultaneously work in one and the same the
frequency band, the higher will be the interference level, created by

other transmitters at the output/yield of receiver.

In order that interferences among two signals z, (t) and z, (t),
simultaneously entering the input of matched filter, would be
possibly smaller, must be made the condition of the orthogonality of
these signals under range from 0 from T. Mathematically the condition

cf orthogonality is record/written as follows:

- :
[ 2,(t) 2, () =0. v
0

As the simplest example of orthogonal signals can s2rve, for

example, the signals of the form:

Acos (ot +9) phen 0<t< T
7, ()= . T
' 0 » when - <t<T;

0 , whemw 0<t<1;
7 (t)= .

Acos(ot49), with —g— <t< T,
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Page 24.

During the formation/education of signals out of ths large

number of momentum/impulse/pulses for the example, shown in Fig.
1.1.2 or 1.2.1, the condition of orthogonality is satisfied, if the
momen tum/impulse/pulses of each realization are supplied to the
noncoincident moments of time. Orthogonal they will be two signals z,
(t) and z, (t), also, when they are represented in the form of the
nonoverlapping Fourier series in range from 0 to T. The

nonoverlapping Fourier series here called two such series, that if in

one of them a,5%0, that in other for the same index ay=0; the

analogous relationship/ratios must be made and for coefficients p,
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In the general case the signals can be orthogonal and answer

condition (1.2.1) and then, when their spectra overlap.

Let us allow now, which in the band of frequencies F is by n of
different orthogonal signals. one of these signals usaful, and the
others with respect to it mixing. The power of all signals for
simplicity of reasonings we consider identical and equal to P, With
the sufficiently large number of interfering signals their sum can be

considered as fluctuating interference with total power P.(n—1) or

spectral density Bl

From the theory of communication/connection it is known that the
authenticity of reception during optimum prccessing signal is
determined by the ratio of the energy of signal to the spectral power

of fluctuating interference, i.e., by value

hs ='._____P°T 2 E

n Po B
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If requirements for the authenticity of reception are satisfied

at certain value /?=hj, that permissible number of simul taneously

working in one and the same band frequencies of the radio stations

will be

From this expression directly it follows that the number of
simyltaneously working stations in this frequency bani with the

determined assigned authenticity of reception is proportional to the

base of signal.

Page 25.
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Hence escape/ensues the possibility in principle of operational
provisions in th2 defined band of frequencies of the same number of
radio stations as when using narrow-band systems. Actually, in the
case of single-band modulation for the duration of the cell/element
of signal T the band of report/communication F ~—~1/T, the base of
signal FT = 1 and in the band of frequencies Af can be placed by n=
Af/F transmitters. For the same operating speed the base of broadband
signal in band Af is obtained Af/F times more and, conseguently, also
number of transmitters in band it will be n—-= Af/F; in this case
there is in form an identical value 4}, . This comparison, of course,
approximated, but it makes it possible to understand that the
essential losses in the use of a range passage to broadbard signals

with themselves will not bear.

By examining the question concerning the use of a frequency
range during the application/use of broadband and narrow-band
systems, it is necessary also to give the considerations, caused by
the fact that in actual conditions never all stations of this range
work simultaneously., Taking into account the indicated fact in

broadband systems considerably simpler to increase the number of

A A o W
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radio stations in the assigned frequency band, than in narrow-band

systems. Let us explain this.

When using widespread methods of selection in frequency and
narrow-band systems to each routing is secured the dat=srmined
frequency channel. This frequency channel cannot be (at least, if we
do not apply the complex systems of the automatic search for free
channels) engaged by another correspondent, even if it at the given
torque/moment is free, since compulsorily after each communication
line must be preserved the possibility to tegin work at any time. The
unemployment of this channel to no extent does not improve
communication/connection conditions for other channels. When using
broadband systems, if at each given moment of time of the total
number n of radio stations it works not more than n=nn (n - the
diversity factor of work), the number of simultaneously working
stations in this frequency band can be increased i— times.
Set/assuming M= 0.1-0.2, we obtain supplementary very considerable
possibilities on an increase in the effectiveness of the use of a
frequency range without the applicationsuse of fairly complicated
actions for the provision for a search for the empty channels and the
retuning of equipment in these empty at the given torgque/moment

channels. Let us focus attention also to the fact that in broadband

systems a decrease in the amount of simultaneously workinjy stations
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automatically improves communication/connection conditions for other
channels, This advantage of the work with broadbtand signals becomes
especially noticeable at the low values n, i.e., when the majority of
the stations of tnis range works short-term. Specifically, this

situation frequently occurs under conditions of military radio

comnunicatione.
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Page 25.

§ 1.3. Broadband systems under conditions of multiple-pronged

radiowave propagation.

The majority of radio channels, especially short- and
ultrashort-wave, is characterized by the multiple-pronged propagation
during which the signal from transmitter comes to the place of the

reception/procedure by several paths, whereupon for each of these
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paths signal experience/tests different attenuations and different
time lag. If during single-ray propagation the dependence between

that which is taken and that transmitted by signals is determined by

the expression

x(t)y=p2 (t—-At). “ 3 (1.3.1) i

in which value p and At they characterize attenuation and signal lag

in the process of its propagation from transmitter to r=ceiver, then

during multiple-prongad propagation this dependence takes the form

x(t)=‘;3 w2 (t— At,), (132)

where n - the number of incoming ray/beams.

In this expression M and Afi they are determined by

attenuation and the time lag of each separate ray/beam. Values W
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and Af, as a rule, continuously change in time, although for the
larger part of the real signals and at the in practice utilized
speeds of transmission of information their change in time is

sufficient slowly as compared with the duration of transmission of

the cell/element of signal.
Page 27.

During multiple-pronged propagation at the input of receptor,
therefore, operates the sum of separate oscillation/vibrations with
the changing according to random laws phases and amplituiss. This
leads to the phenomenon of interference, and also, therefore, to
signal fading, The phenomena signal fading are express2d especially

vividly, when path differences ot ray/beams are commensurable or

multiple to the half of wavelength.

They distinguish several types of signal fading:
common/general/total or flat, selective, slow and rapid. With flat

fadings the incoming signal differs from that transmitted by the

random, but approximately identical for all frequency components of

signal values of the transmission factor and phase displacement. In
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selective fadings of each frequency component ot signal corresponds
their transmission factor and their phase displacement. Slow fadings
occur, if i and Af; they are characterized approximately by

ident ical values for the extent/elongation of the reception/procedure

of several cell/elements of the signal, following one after another.

For rapid fadings is characteristic the absence of interdependence

(correlation) between values u; and Al for a series of the

consecutively transmitted cell/elements of signal.

Let us examine in somewhat more detail the special

feature/peculiarity of common/general/total and selective fadings.

Let in accordance with expression (1.1.1) transmit the signal

ke
z(t)= I A,cos (ko,t + g,).
R o=k

Then the received signal
n ky
a x(t)==‘2,9, I Agcos [key (t—ty,) + 9] = :
~- ko= k

. b ", :
=1 I Acos [kay (¢ —E3) + 41 + 0], (1.3.3) |
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vhere { is the mean propagation time for all ray/beaas: Pir~=2n %A?,;
Af; - the deflection of the propagation time of the i ray/beam from

the mean propagation time i)

Page 28.

» k
Values Yix for any ray/beam will range from 2u—;—_'- At; to 2"721311;

if we

' - T
lAf:|<-E—m: (1.3.4)

-




DOC = 77030122 PAGE ’60

that they will differ one from another not more than by 2rFAf; << 2n.
That means #2th the observance of condition (1.3.4) it is possible to
count values Pir approximately identical for all values of k, i.e.,
for all frequency components of signal. Thus, cocndition (1.3.4)
causes the flat character of fading. Specifically, let us note that
common/general/total fadings occur both with ionospheric (Fig.
1.3.1a) and during tropospheric (Fig. 1.3.1d) radiowave propagation,
provided path differences of the adopted ray/beams were much less
than value 1/F. Selective fadings occur when condition (1.3.4) is not
satisfied, i.e., path differences of ray/beams Afi are commensurable
or exceed value 1/F. For selective fadings of the value of phases

are different for different k. Then received signal x (t) is

represented in th2 form

x(O= % A, £ pcos [kny(t —5) + b+ 0] =
ko= Kk l=1

- ;‘: wey cos [kog (¢t — tp) + Pe o s ek]' (1.3.5)

ko= k,
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where

»

/ n 2 n >. 2
i [l?ll,“‘ cos ¢ +[1§1H o q"k] ’

n
Y wsingp

l=1

0,=—arctg

n
S wcosdp
=1

| i i
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Page 29.

From this expression it follows that with selective fadings of
the fluctuation of amplitudes mrx and of phases (®+6x) they depend
on the frequency (index k) of the harmonic components of signal.
Usually such fadings appear when to receptor come the ray/beans,

which reflected from the different ionospheric layers (Fig. 1.3.1b)
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or of the spaces of the troposphere,

reflections (Fig. 1.3, 1c).
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Pig. 1.3.1.

Key: (1). Ionospheric layer. (2). Ionospheric layers. (3).

Ionospheric layer. (4). Local heterogeneity of the troposphere.

In this case, as a rule, each come ray/beam is the beam of elementary

ray/beams and therefore is also subjected to fadings, which bear,

however, common character 1!.

FCOTNOTE !, In the literature very frequently instead of the term
"channel with selective fadings" are used the terms "multiple-pronged
channel, "channel with multiple-pronged propagation". Thereby is
emphasized the fact that the channels with selective fadings are
characterized by the arrival of signal cn several paths with
considerable path differences. Subsequently this terminology widely

is utilized in the present work. ENDFOOTNOTE.

When values A, are commensurable with the duration of the

cell/element of signal T, the phenomenon of multiple-pronged

propagation causes not only signal fading, but also it leads also to
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the imposition of the adjacent cell/elements of signal on each other.

This phenomenon is accepted to call the phenomenon of 2cho. In Fig.
1.3.2 is illustrated the picture of the overlap of the cell/elements

of signal with its arrival on several fpaths.

For narrow-band radiolink systems, when the base of signal FT 77

1, values 1/F and T prove to be one order, therefore, of the

phenomenon of sela2ctive fadings and echo are observed simultaneously.
For the broadband systems, in which PT >> 1, are possible the cases,
when Af; of the same order as 1/F, but is considerably less than T;

in these cases will be the only selective fadings.

Both common/general/total and selective fadings cause the

fluctuations of the level of received signal with the average period

from several minutes to fractions of a second [ 13]. However, they are

not the sole reason tor a change in the intensity of received

signals.
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Fig. 1.3.2.

?&36 ol

In the information circuits are observed also the relatively slower
changes (hour, diurnal) in the level of received signals, caused not
by interference processes in receiving antenna, but by effect on the

transmission factor of the channel of such reasons as change of the

magnitude of absorption in the ionosphere, a change in the

temperature conditions of the troposphere, etc.
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Finally, in the case of using signals with the wide spectrum the
important factor, which affects received signal, is also the
dispersity of the medium, which participates in radiowave propagation
(ionosphere, the troposphere), that leads to the fact that the
coefficient of reflection or scattering finds to be dependent on

frequency, i.e., different for the different frequency components of

signal, even for a "single-ray" channel. Let us note that virtually
during ionospheric propagation the dispersive phenomena cause the
noticeable differences in transmission factor for frequencies, which
differ by dozen kilohertz (for a skip band), while the values of this
coefficient because of the interference of ray/beams turn out to be
sometimes different for frequencies, which differ only by hundred
hertz. If transmits sufficiently narrow pulse, then as a result of
dispersion in the ionosphere the momentum/impulse/pulse of separate

ray/beam is eroded, and multiple-pronged prcpagation leads to the

fact that instead of one momentum/impulse/pulse are accepted several

that and it is clarified in Fig. by 1.3.3.
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The interval between the incoming ray/beams can reach by 2-4 ms, and
the number of ray/beams, especially for the extended short-wave

lines, to reach to four - six.

The phenomena of fading, echo and the effect of the dispersity
of the gmedium of propagation in the practice of radio communication
lead to a considerable decrease in freedom from interfarance or
authenticity of reception/procedure (with this capacity) they are
considered as negative factors. When using multiple-pronged channels
always they attempted to remove the effect of "parasitic" ray/beanms

in order to approach itself work conditions of singla-ray channel.

This path, however, was not sufficiently rational, since each of the

incoming ray/beams contains the information about tha2 transmitted

reportscommunication and their use it could improve in principle the

conditions of reception/procedure.

fhe of the important advantages of the use of broadband signals

is a possibility of using a phenomenon of wmultiple-pronged

propagation for an increase in the stability of reception/procedure
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or with the assigned authenticity of reception/procedure for a
decrease in the power of radio transmitting equipment. This
possibility is open/disclosed as a result ot the fact that the
broadband systems can ensure the separate reception of the signals,
which come in to the place of reception variously, and therefore they

make it possible to utilize an energy of several most intense

ray/beams. Let us explain this in a simple exanmple.

Let, for example, the signals of the form, given in Fig. by
1.2.1, enter the matched filter of Fig. 1.2.2. Input voltage of
reference system, i.e., on the output/yield of matched filter, with
single-ray reception will have a shape of pulse as duration r, i.e.,
1/F, the appearing into torque/moment termination of the cell/element
of signal by dyration T. Here F is the band of signal, which is

determined by the duration of narrow pulses r.

Let us allow now, that into the point of reception the signal
comes by several paths with the different values of transit time from
transmitter to receiver fp, fps s, ..., 6,, IR this case to each ray/bean
at the output/yield of the matched filter will corresponi its
momentum/impulse/pulse with the maximum of the voltage/stress at the

torque/moment of time /,,+7 and of the same duration 1/F.




DOC = 77030122 PAGE 48"/

Page 33. r

Not difficult to understand that if the difference in time of the

arrival of rays/beams is less than the duration of these

momen tum/impulse/pulses (r), then the separate reception of ray/beanms
turns out to be impossible. The separate reception of the signals,
which come in on different paths, is feasible only if value r less
than the minimum delay time between ray/beams, i.e., tha possibility
separate the reception of ray/beams increases with decrease r or,
otherwise, with the expansion of the band of signal frequencies.
Furthermore, the maximum delay time among ray/beams must be less than

the duration of the cell/element of signal T.

In narrow-band systems the pulse duration at the input of
reference system is approximately equal to the duration of the
cell/element of signal T, and consequently, the examined above
conditions, necessary for the separation of ray/beams, cannot be
satisfied. Under broadband systems the given conditions due to

inequality r << T are satisfied easily.
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Let us note that the pulse character of the signal, in example
of which we examined the possibility of isclation/liberation in
receiver of one of the incoming ray/beams, it is not necessary. This
possibility is provided in all cases, when the base of signal FT >> 1
and signal has approximately uniform spectral density in the band of

frequencies F.

§1.4. Classification of broadband radiolink systems.

Concept "broadband radiolink systems" includes at present the

large nupber of versions of such systems, which differ on2 from
another from in form of the utilized signals, method of their
formation, the met hod of reception and to a series of other
sign/criteria. Respectively the fields of application of broadband
communicating systems also are very diverse. This causes the need for

the determined classification.

The representation of the possible classitication of broadband
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systems gives th2 table, given in Fig. by 1.4.1.

The large group of broadband systems form the so-called mutually
correlated active and passive systems. In mutually correlated active
systems the signal is recorded in receptor by means of comparison

wi~h the standards, formed on the same principle, as at the

transmitting end/lead.
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Pig. lold.1le

Key: (1). Broadband radiolink systems. (2). Mutually correlated

systems. (3) . discrete-address systems. (4). Autocorrelation systenms.

(5) . Active systems. (6). Passive systems. (7). Systems of incoherent

reception. (8). Systems of coherent reception. (9). Synchronous
systems. (10) . Asynchronous systems. (11 . Systems, with
time/temporary coiing. (12). Systems with frequency coding. (13).
Systems with frequency-time coding. (14). Systems, with time-division
multiplex. (15 . Systems with frequency division multiplex. (16).

Systems with freguency-time packing/seal.

7160» 3.

Systems of such type make it possible tc most completsly realize
potential interference rejection. Multiple-keams in them does not
limit the speed of transmission. At the same time it is necessary to
indicate some factors, which impede and limiting their practical

realization. The greatest difficul*ies are caused by the need for

precise synchronization of reference signals, developed in receptor,

with those which are taken (accuracy of synchronization must be order
1/F for an incoherent reception and still above in the case

coherent). For these systems is characteristic also relatively long

in comparison with cther systems time of netting, that lowers the

reticence of work and impedes the work with short performances, and
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the relative complexity of the practical soluticons by the use of
multiple beam characteristics, which leads to an incr2as2 in the

overall sizes of equipment, the costs and the complication of its

operation.

By mutually correlated passive systems they understand such,
whose information about received signals is laid in the
characteristics of the matched filters cf receptor. Such systems also
make it possible to realize potential interference rejection, and
multiple-beam characteristics in them it dces not limit the speed of
transmission of information. In principle these systems for the
realization of the optimum conditions of reception require
synchronization with the accuracy of order 1/F. To synchronize is
necessary the torque/moment ot the reading of output output potential
of matched filter. However, these systems, after allowinjy small
energy loss, it is possible to foreqgo synchronization to generally or
considerably lower requirement for its accuracy. The r=alization of

such systems leals also to sufficiently bulky equipment/devices and

is conjugate/combined with the determined technical difficulties. In

more detail the operating principles of mutually correlated systems i3

i
]
!
;
t
1
!

and path of their realization are examined in chapter 3. An example

of mutually correlated system is the system "Rake" [44].
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Both active and passive mutually ccrrelated systems can be
divided to two classes: with coherent and with incoherent by the

receptions of signals.

Page 36.

As it was shown into §1.3, in the general case the adopted broadband

signal it is represented in the form

xO= 5 p,. 3 Aycos [kny(t—5) &4y + 0] (L41)

lml k=bk

For a coherent reception at receiving end must be known the
amplitudes (relative values) of all components of signal Ax the
initial phases ¢, the phase shifts of each component Y;» and the
mean propagation time for all ray/beams #, With incoharant reception

pust be known all the same values, except the initial phases. The

initial phase of the incoming signal in this case either is unknown
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or it is not utilized and, inasmuch as in the initial phase of

received signal also is contained certain information about the
transmitted report/communication, utilized with coherasnt reception,
the probability of error for the methods of incoherent reception

proves to be larger.

The theoretical examination of a comparative freeiom from
interference of systems of coherent and incoherent reception shocws
that at the high values of the authenticity of reception, determined
by the probability of the error of order 1073-10"4, the 2nergy loss
of incoherent systems does not exceed 1 dB. At the same time the
pract ical realization of the diagrams of coherent recsption is
conjugate/combined with the considerable technical difficulties,
which moreover are aggravated by instability in time of the phase
responses of the medium of propagation. In connection with this in

certain cases are more advisable the systems of incoherent reception.

Arother group cof broadband systems form the systems

1

rtvlation whose freedom from interference is worse than

ttwlated, However, they differ significantly from the

‘. f considerably larger simplicity of re=alization and

*ively higher reliability and the compactness of
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equipment., Very is substantial also the fact that the autocorrelation
systems little subjected to the ill effect of multiple-beanm
characteristics and dispersity of the ionosphere ard, as a rule, do
not require the high frequency stability of radio link.
Autocorrelation systems at the same time have that advantage that in
them as carrier it is convenient to utilize cuts of white noise,

i.e.,, to utilize in the complete sense of word "noise-like" signals.

Page 37.

let us note that in all mutually correlated systems are utilized the
signals, which rather one should call/namenoise-like, since in
reality they are completely regular and the precisely precise

knowledge of their structure makes it pcssible to successfully

isolate them from noises in receptor.

The comparison of the freedom from interference of the systems
of autocorrelation reception with the systems of incoherent reception
shows that their energy loss turns out to be equal approximately

VFT, i.e., by sufficiently considerable. Their use therefore turns

out to be advisable only if the advantages, noted above, have more
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