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Abstract. In the article methods of forming and processing of Walsh-Barker composite sequences
are developed. The relevance of using Barker codes as generating sequences of a composite code intended
for generating a synchronization signal is shown, without limitations on the choice of the shape of elementary
symbols. The possibility of synthesizing composite sequences with given properties by an adequate choice
of elementary symbols and generating sequences is investigated. It is shown that the use of Walsh's
orthogonal sequences as elementary ones, introduces the self-synchronization property in the composite
Walsh-Barker sequences and a number of new beneficial properties. The orthogonality property of the Walsh
sequences and the orthogonality properties of the composite sequences can be simultaneously transmitted
on a single carrier of several composite signals, modulated by information symbols. To allocate transmitted
information symbols, the matched filtering of the transferred sum is used. The article is followed by diagrams
obtained by simulating processes and sequences using the Hewlett Packard HPVEE Visual Object-Oriented
Programming Package.The possibility of simultaneous and independent transmission of various modulated
composite sequences are proved. The possibilities of the practical application of composite sequences in
perspective telecommunication systems are estimated.
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AHoTauis. Y cTatTi po3pobrnieHi MeToan hopMyBaHHsl Ta OOPOGKM KOMMO3UTHMX MOCNiAOBHOCTEN
Yonwa-bapkepa. [MokasaHa akTyanbHICTb 3acToOCyBaHHSA KofAiB bapsk yTBOpHOYMX MNOCRiAOBHOCTEN
KOMMO3UTHOIO KoZy, NPU3HA4YeHoro Ansi hOpMyBaHHsi CUrHamy CUHXpOHi3aLii, 6e3 obmexeHb Ha BUOIp
dopMM  enemMeHTapHUX cumBoniB. [OCNiAXEeHO MOXMUBICTb CUHTE3Y KOMMO3UTHUX MOCMiAOBHOCTEN i3
3a0aHMMM  BMAcTMBOCTSIMM  LUNISIXOM  afeKBaTHOrO BMOOPY erneMeHTapHUX CUMBOIIB |  YTBOPHOHOUMX
nocriigosHocTen. NokasaHo, L0 BUKOPUCTAHHA OPTOroHasnbHUX MOCMIgOBHOCTEN Yonwa gk enemMeHTapHUX
BHOCUTb Yy KOMMO3WUTHI nocnigoBHOCTI Yonwa-bapkepa BnacTMBiCTb CaMOCUHXPOHM3aLii M HU3KY HOBUX
KOpUCHMX BnacTueocTen. [locnigXeHa BNacTUBICTb OPTOroHaNbLHOCTI NOCNiAOBHOCTEN Yoniia i BUuTikaro4da 3
LbOro BracTUBICTb OPTOrOHaNbHOCTI KOMMO3UTHUX MOCNIAOBHOCTEN OOMNYCKalTb O4HOYACHY nepefadvy Ha
OfHIN Hecy4in [OeKiNbKOX KOMMO3UTHUX CUrHanis, MOAYNbOBaHWX iHopmalinHuMK cumBonamu. [Ons
BUAINEHHA nepefaHux iHopMaLuinHUX CUMBOMIB BUKOPUCTOBYETBHCH Y3romxeHa dinbTpauis nepenaHol
cymn. CTaTTs CynpoBOMAKYETLCA AEMOHCTPALED diarpamM, OTpUMaHKX B pe3yrbTaTi MoAeNtoBaHHs NPoLEeCiB
i nocnigoBHoOCcTEN 3acobamMu naketa BidyanbHOro 00'EKTHO-OpieHTOBaHOro nporpamyBaHHsa HPVEE dipmu
Hewlett Packard. TeopeTnyHo 1 eKkcnepuMMeHTanbHO OOBeAeHa MOXIMBICTb OAHOYACHOI | He3anexHol
nepegavi pi3HUX MOLYNbOBAHUX KOMMO3UTHUX nocnigoBHocTel. OUiHEHI MOXIMBOCTI  NPaKTUYHOro
3aCTOCYyBaHHS KOMMO3UTHUX MOCAILOBHOCTEN B NEPCNEKTUBHUX TENEKOMYHIKaLiMHUX cCUcTeMax.
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KnrouoBi cnoBa: koan bapkepa, yTBOpPHOWYI MOCMiAOBHOCTI, NOCnigoBHOCTI Yorwa, matpuus
Apnamapa, anroputMm CunbBecTpa, KOMMO3WUTHI NocnigoBHOCTI Yonwa-bapkepa, caMocMHXpoHi3aLisi, MmeToau
hopMyBaHHsSI/06pobKK, y3rogKeHUn inbTP, aBTOKOpensuiiHa yHKLiSA, B3aeMOKopensuinHa QyHKLUis,
iMNynbCHa XapakTepuctuka inbTpa, OpTOroHarnbHICTb NOCMAOBHOCTEN, KpaTHICTb Nepeaadi.

AHHoOTauusa. B cratbe paspaGoTaHbl MeTodbl (QOPMMPOBAHUS U OGPaBOTKM  KOMMO3UTHBIX
nocneposaternbHocTell Yonwa-bapkepa. MokasaHa akTyanbHOCTb NpuMeHeHUs kogos Bapkepa B kayecTse
o6pasyloLLmnx nocreaoBaTeNbHOCTEN KOMMNO3UTHOMO KoAa, NpeAHa3HaYeHHoro Ans hopMUpOBaHUS cuUrHana
CUHXpPOHM3aLMK, 6e3 orpaHuyeHuin Ha BblGOp (OpPMbl 3neMeHTapHbiX cumBonoB. MccrneposaHa
BO3MOXHOCTb CUHTE3a KOMMO3UTHBIX NOCreaoBaTerlbHOCTel C 3a4aHHbIMM CBOMCTBAMMU NyTEeM afeKBaTHOro
BblGopa anemMeHTapHbIX CUMBOIOB U 06pasylollmx nocnegoBartenbHocTel. MNokasaHo, YTo uUcnonb3oBaHue
opToroHarnbHbIX MocnegoBaTenibHOCTEN Yoria B KayecTBe 3MeMEHTapHbIX BHOCUT B KOMMO3UTHblE
nocnegosatenbHocTM Yonwa-bapkepa psa HoBbIX MonesHbiX CBOWCTB. [lpoBedeHO KOMMbHOTEpHOEe
MO ENUPOBaHMe n oLieHKa BO3MOXHOCTEW NpaKTU4ecKoro npUMeHeHust KOMMO3UTHbIX
nocnegoBaTenbHOCTEN B NEPCNEKTUBHBIX TENEKOMMYHUKALIMOHHBIX CUCTEMAX.

KnioyeBble crioBa: KOMMNO3WTHbIE NOCINeqoBaTeNnbHOCTU, MeToAbl (DOPMUPOBAHUA/06PaGOTKM.

Introduction. The forming method for Barker's composite sequences (codes) was first
described in [1]. In accordance with this method, the composite code was composed of so-called
elementary symbols (or sequences of symbols) according to the rules of the generating sequence,
which coincides with the Barker code. Moreover, the use of Barker sequences guaranteed unique
properties of the composite code intended for the formation of the synchronization signal (the so-
called self-synchronization property). Further analysis of this method made it possible to generalize
the rules for the forming of Barker composite sequences (codes) in the order of development of the
ideas of [1], which reduce to the following:

1. The use of Barker codes as generating sequences guarantees the self-synchronization
property of the composite code,

2. The choice of the form of elementary symbols (or sequences of symbols) is not
superimposed. In particular, in the original Barker's work [2], as well as in further manuals
[3-5], the symbols (+1) are used as elementary ones, and

3. The properties of elementary symbols and generating sequences somehow "appear" in the
properties of the composite sequence.

This opens up possibilities for the synthesis ("composition") of composite sequences with given
properties by an adequate choice of elementary symbols and generating sequences. In particular,
the most successful is the use of orthogonal Walsh sequences [6] as elementary ones. The Walsh-
Barker composite sequences obtained in this way not only preserve the orthogonality properties of
the original Walsh sequences (widely used in CDMA mobile communication systems [6]), but also
acquire additional self-synchronization properties and a number of new useful properties. The goal
of this article is to develop methods for the formation/processing of Walsh-Barker composite
sequences, to study the properties and to assess the possibilities of using these sequences in
advanced telecommunication systems. The article contains diagrams obtained as a result of
modeling processes and sequences using the software of visual object-oriented programming —
Hewlett Packard HPVEE.

Orthogonal walsh sequences. The basis for constructing orthogonal Walsh sequences is the
following procedure [6]. We use a convenient and compact matrix form. Suppose we are given a
(2x2) Hadamard matrix

H - 1 1 0
o
We use the Sylvester algorithm to obtain a matrix of twice the size
Banket V.L., Manakov S. Yu. 13
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Continuing this procedure, we obtain a set of Walsh sequences of length m =8 in which the
symbols of ones with signs are replaced by their signs

wo| [+ + + + + + + +

w| |+ - + - + — + -

w, | |+ + -+ + - -

wy | |+ + + + - - - 3
We = w,| [+ — — 4+ + - — + ®)

wy| |+ + + + - - -

we | |+ + - -+ -+

w | |+ - -+ -+ ]

The rows of the matrix (3) are mutually orthogonal. According to the author of the
monograph [6], by continuation of this procedure one can obtain ensembles of Walsh functions of
sufficiently large size m (where m is an integer power of 2). In the following, Walsh sequences
with length of m =8 characters will be used, written as row matrices:

w0=[+ + 4+ + + + + +], (4)

W1:[+—+—+—+—]- (%)

Barker sequences (codes). According to the data in [1, Table 1], to date, a limited number
of short-length Barker codes are known M <13. In order to reduce the volume of the article, we
give the form of the Barker code matrix of a moderate length M =7, which is enough to illustrate
the method described:

CT7= [+ -+ + - - —].
Or, in a formal record
C7= [Cl € 6 G G G G ] (6)

The form of the Barker sequence is shown in Fig. 1.

C7-Test

[

T[ITT[TIT[Trr]T
N AN EE

)
=

11111

Step Size: 1 Xname

Figure 1 — Test Barker sequence C7

Forming of Walsh-Barker composite sequences. A matrix recording ensures the
availability of a compact representation of the forming method. The composite sequence is
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determined by the product of the matrices of the selected elementary Walsh sequences (4) or (5) by
the matrix of the Barker generating sequence (6) (below we use the compact record proposed in [1])

[€7/w,]=[w][c7], (7)
where i = (0...1) — number of the selected elementary sequence.

Since the Barker sequence (6) contains a set of constant numbers, the sequence (7) can be
represented as follows:

[C7/wl.]:[w,.c1 w.e, Wce, wce, WceCs W wl.c7]. (8)

The record (8) defines simple ways of software or hardware implementation of the forming method:
the selected elementary sequence is fed to the input of a chain of sequentially connected shift
registers with outputs added after multiplying by the weigh coefficients of the generating sequence
(6). Fig. 2 shows the timing diagram of the composite sequence C7/w, formed in this way.

CTW

EleET T T T T T T [ T T T ] T 77T T T

2
Y name

TTTT]TT
Tt

TTTTT
T

oo o

1 Tracel
05

T

@

55555

Auto Scale

Step Size: 1 Xname

Figure 2 — Time Diagram of the sequence C7/w,

Processing composite sequences. Separation of synchronizing Barker pulses from the
digital data stream is performed using matched filters (MF). In accordance with the theory of signal
processing, the impulse response of a filter matched to a discrete signal C(¢) to an accuracy of a

coincides with the mirror image of the waveform:
h(t)=aC(t, —1), 9)
where ¢, is MF output sampling moment.

When processing sequences, the concept of a filter matched with the sequence is also
applicable. In this case, if a sequence is specified in the form of a row matrix (6), the impulse
response of the matched filter is a mirror image of the processed sequence. In this case, the impulse
response of the matched filter will be

[W(CT)]=[h =c, hy=c, hy=c, h,=c, hy=c, h,=c, h,=c,]. (10)

The result of processing the sequence C7 by a matched filter with an impulse response (10)
is shown in Fig. 3. According with theory [1], the result of the processing coincides with the
aperiodic autocorrelation function (ACF) of such a sequence:

R(k) = ﬁ %0 c(i)e(i + k), (11)

and R(k)=M for k=0; R(k)=0 for k>1, (m—k) iseven; R(k)==x(1/M) for k>1.

Banket V.L., Manakov S. Yu. 15
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Figure 3 — The result of processing the Barker C7 sequence with a matched filter

In the time diagram, a "spike" of the autocorrelation function is seen, whose value in
accordance with (11) is R(k)=M for k=0. The unique form of ACF of composite sequence can

be used not only for synchronization, but also for the transmission of digital information. For this,
an amplitude modulation of the composite signal by the information symbol U should be used. The
transmitted signal will be [UC7/ w[]. Fig. 4 shows the results of modeling the process of amplitude

modulating of a composite signal by a linearly increasing modulating symbol
U=(1,2,3,...,5,6,7,...). Such a method of multilevel information transfer is characterized in that the
position of the ACF spike on the time axis can be used to estimate the moment of counting the
value of the spike’s amplitude (those. for time synchronization, where, the ACF spike amplitude
contains information about the transmitted symbol). If the energy of each symbol of the composite
sequence is Ej, then, in accordance with the formula (11), in the formation of the ACF spike of the
composite signal with the length m of the elementary sequence and the length of the generating
sequence M, the amplitude of the ACF spike rises to the value of

R(k).. =MmE, for k=0. (12)

This is due to the effect of composite sequence symbols energy accumulation in forming of
ACF and provides an increase in noise immunity of the ACF spike. To obtain a high noise
immunity for the received signal registration, it is necessary to provide a large difference in the
levels of ACE spikes in comparison with the levels of the ACF side lobes. Fig. 3 and 4 confirm this
important property of the composite signal.
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Figure 4 — Amplitude modulation of the composite signal ACF shape

Determing the impulse response of the filters matched to the above-mentioned elementary
sequences (4) and (5), we find:
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[hw)l=l 1 1 1 1 1 1 1], [aw)]=[-1 1 =1 1 =1 1 =1 1].

(13)

An important role in the theory of processing digital sequences is played by the correlation

properties [6]:

— Autocorrelation function (ACF) of the sequence w;, calculated as the scalar product of the

sequence w, with the impulse response of the filter matched to it:

[R(w, w)] = [w, ] [h(w)];

(14)

— Cross-correlation function (CCF) of different sequences w, and w,, calculated as the

scalar product of the sequence w, with the impulse response of the filter matched to the

sequence w g :

[R(w,, w))|=[w, ] |n(w ). (15)

A universal VEE program has been developed for calculating the correlation functions (14)
and (15). The results are shown in Fig. 5 and 6. Here, the dependencies of the matched filters
outputs (ACF and CCEF, respectively) are shown when different sequences are fed to the MF inputs.
Next to the time diagrams there is a table of ACF and CCF values for the selected type of

elementary sequence, depending on the current time values (left column).

MF Input

Time>>Out MF(W-0)>>>0ut MF(W-1)
|- R

{2,0,0

{3, 1,-1}
4,2, 0}

{5,3,-1}
{6,4, 0}

{7.5,-1}
{8,6,0}

{9.7,-1}
{10,8, 0}
1,7, 1}
{12,6, 0}
{13,5, 1}
{14, 4,0}
{15,3, 1}
{16,2, 0}
17,1, 1}
{18,0,0}
{19,0,0}
{20,0, 0}
{21,0,0}

Out MF W-1

Auto Scale

Step Size: 1

Xname

Out MF W8-0

\/\\\

Rl
b S L L L L L L L

Auto Scale

Xname

Figure 5 — Correlation functions of Walsh sequences under the action of w, at the input

MF Input

_Time>>Out MF(W-0)>>>0ut MF(W-1) N

{2,0,0}
3.1,-1
@,0,2
{5, 1,-3}
{6, 0,4}
{7.1,-5}
{8,0,6}
9.1,-7}
{10,0, 8}
{1,-1,-1
12,0, 6}
{13,-1,-5}
{14,0,4}
{15,-1,-3}
{16,0,2}
7,-1,-13
{18,0,0}
{19,0, 0}
{20,0, 0}
{21,0,0}
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Figure 6 — Correlation functions of Walsh sequences under the action of w, at the input
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The results confirm the orthogonality of the selected Walsh sequences. Thus, according to
Fig. 5 and 6 tables, the ACF and CCF values at the reference time 7, =10 are :

[R(wy,we)] = [w, ] [h(w))] = R,y = m =38, (16)
[R(wy w)] = [w, ] [(w)] = 0; (17)
[ROw,.w)] = [w ] [A(w)] = R, =m =38, (18)
[R(wywy)] = [wy ] [(wy)] = 0. (19)

According to (17) u (19) the values of the CCF of the selected sequences at the reference
time 7, =10 are 0, and the ACF values (16) and (18) get the maximum values R__=m =8, equal

max

to the length of sequences m =8§.

Evaluation of opportunities for practical application of composite sequences. The following
properties of composite sequences that are important for practical application are defined above:

1. The property of self-synchronization caused by the use of Barker codes as a generating
sequence is useful in transmission systems for building time synchronization systems in
which special synchronization sequences are used. As noted above (see (12)), with the
appropriate choice of the parameters of the elementary and generating sequences, it is
possible to obtain the required ACF spike of the sync sequence.

2. The increase of noise immunity of the ACF maximum sample due to the accumulation of
symbol values in the matched filter. When selecting large values of the elementary sequence
lengths m and generating sequence M, it is possible to obtain a high signal-to-noise ratio
upon registration.

3. The orthogonality property due to the use of Walsh sequences as elementary sequences. The
property of orthogonality in conjunction with the self-synchronization property is
appropriate to use in systems with code division (CDMA), in which, according to [6, Sect.
11.4. Synchronization channel] to ensure time synchronization, long enough sync sequences
are used.

The orthogonality property allows to solve the practically important increase in the specific
information transfer rate carried by one carrier. Traditionally, quadrature amplitude modulation
(QAM) [8] is used in such cases, for the implementation of which the phase compaction of the
signal space is actually applied. It is important that the separation of quadrature channels during
demodulation requires the use of coherent detection, which requires the preliminary formation of a
coherent oscillation. The orthogonality property of the Walsh sequences and deriving from it the
property of composite sequences orthogonality allow the simultaneous transmission of several
composite signals on the same carrier, followed by their separation with respective matched filters.
We will explain this with the following example.

According to the the record (8), we form composite sequences modulated in amplitude by
information symbols U; Ua:

[U1C7/w0]= [Uwye, Uwyc, Uwyey, Uwye, Uwyes Uwye, Uwye,]s (20)
[U2C7/W1]=[U2W161 Uywme, Uywie; Uywe,Uywies Uywieg Uywics . (21)

We assume that the sum of the modulated signals is being transmitted over the channel:
S 1 = U, CT /1w, |+ [U,CT 1 w,]. (22)

To select the transmitted information symbols, we use the matched filtering of the
transferred sum (22). It follows from the form of the sum (22) that for the selection of the symbol
U, it suffices to use a filter matched to the elementary sequence w,. The processing of the first

18 Banket V.L., Manakov S. Yu.
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term (20) of this sum by a matched filter with the impulse response A(w,), taking into account the
result of the ACF calculation (16), gives

S, =[U,C7/w,][r(wy)] = Um|CT]. (23)

At the same time, the result of processing by the filter with the impulse response A(w,)

taking into account the result of the ACF calculation (16) gives (due to the orthogonality property)
the zero result

S, =[U,C7/w,][r(w)]=0. (24)
Here, like (23), it is possible to transmit a message symbol U,
S, =[u,c1/w ][] =U,M[C7]. (25)

From the kind of the results (23), (25) of the processing by filters matched to the elementary
sequences wo and wi used, it follows that it is possible to obtain estimates of the transmitted
information symbols U, , U,. To solve this problem, it is necessary to further process the results of
(23) and (25) with a filter matched to the generating sequence C7, whose impulse response is
determined by the expression (10). As a result of processing the SF, taking into account the
properties of the MF (11), the outputs (23) and (25) increase by the generating sequence length M
and will be equal to

S, =[u,c7/w,][h(wy)] = Um[CT][n(CT)]= mMU; (26)
S, =[u,c7/w,][h(w)]=U,m[C7][n(CT)]= mMU, . (27)
Here, like in (24):
S, =[u,c1/w,][r(w)]=0 (28)
and
S, =[U,C7/w,|[r(w,)]=0. (29)

That is, calculations (28) and (29) are affected by properties of the orthogonality of
elementary sequences, which determines the possibility of separating signals during demodulation.
This possibility of simultaneous and independent transmission of various modulated composite
sequences is verified by modeling. The working panel of the program is shown in Fig. 7. The sum
of the modulated composite signals (22) is fed to the inputs of the respective matched filters, which
provide processing and signal separation. The outputs of the MF are presented in the time
diagrams. When modulating symbols U, =1 and U, =1 are transmitted the values of the outputs of

the MF are exactly the values determined by formulas (26) and (27):
S, =mMU, =56; S, =mMU, =56.

Moreover, the shape of the ACF of each signal, despite the presence of another composite
signal in the sum (22), is close to the theoretical form (see Fig. 3).

Thus, the possibility of simultaneous and independent transmission of two messages on a
common channel has been theoretically and experimentally proved. It should also be noted that the
number of simultaneously transmitted messages with the possibility of their subsequent separation
can be greater than two. In other words, the multiplicity of such transmission (the number of
simultaneously transmitted messages) is determined by the number of mutually orthogonal
elementary sequences used in the composition of the composite sequences.

Banket V.L., Manakov S. Yu. 19
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Figure 7 — The working panel of the program for verifying the possibilities of independent
transmission of digital information by modulated composite sequences

It is of interest to combine the above incoherent method of simultaneous and independent
transmission of several information flows with the method of narrowband continuous phase
modulation (CPM). A noncoherent method for demodulating such a signal (the so-called active
filter), which is stable to the effect of phase distortions in channels with quasistationary fading, was
developed in [7]. The structure of such a system is shown in Fig. 8.

Ui A\
|—> UiCT/wo b CPM L | MF (C7/wo) —T
modem
|_> UCTIwr | Ly MF (C7/w1) _¢
Vv

Uz

Figure 8 — Structure of the method for transmitting digital information
over a channel with CPM signals

Conclusion. The work proposed and investigated a new class of so-called composite Walsh-
Barker sequences. The ways of their application in perspective transmission systems are outlined.

REFERENCES:
1. Banket V.L.,Tokar M.l. Kompozitnyye kody Barkera // Tsifrovyye tekhnologii, Ne 2 (2007), pp. 7-18.

2. Barker R.H. Ground synchronizing of binary digital system. Communication theory. — 1953. — Vol.7. —
Ne 2, pp. 273— 287.

3. Sklyar B. Tsifrovaya svyaz.Teoreticheskiye osnovy i prakticheskoye primeneniye; per. s angl. — M.:
Izdatelskiy dom «Viliams», 2003. — 1104 p.

4. Alekseyev A.l.,Sheremetyev A.G.,Tuzov G.l. Teoriya i primeneniye psevdosluchaynykh signalov. —
M.:Nauka, 1969. — 365 p.

5. Varakin L.E. Sistey svyazi s shumopodobnymi signalami. — M: Radio i svyaz, 1985. — 384 p.

6. lIpatov V. Shirokopolosnyye sistemy i kodovoye razdeleniye signalov.printsipy i prilozheniya. —
M.:Tekhnosfera, 2007. — 488 p.

20 Banket V.L., Manakov S. Yu.
Composite Walsch-Barker sequences



Haykosi npaui OHA3 im. O.C. Ilonosa, 2018, Ne 1

V.L. Banket, S.Yu. Manakov. Active filter for optimum noncoherent demodulation of continuous
phase frequency modulation signals // Tsifrovyye tekhnologii, Ne19 (2016), pp. 9-20.

V.A. Balashov. P.P. Vorobiyenko. L.M. Lyakhovetskiy. Sistemy peredachi ortogonalnymi
garmonicheskimi signalami. — M.: Eko-trendz, 2012. — 228 p.

NITEPATYPA:

Banket B.J1. KomnoauTtHble kogbl bapkepa / BaHkeT B.J1., Tokapb M.W. // LincdpoBblie TexHonoruu. —
2007. - Ne 2. — C.7-18.

Barker R.H. Ground synchronizing of binary digital system. Communication theory. — 1953. — Vol.7.
Ne 2, pp. 273-287.

Cknap b. Undpoeas cBsA3b.TeopeTUyeckme OCHOBbI U NMPaKTUYECKOe MPUMEHEHME; Nep. C aHrm. —
M.: Uspatenbckuin gom «Bunbsame», 2003. — 1104 c.

AnekceeB A.V. Teopusi n npuMeHeHne nceBgocnyyanHbix curHanos / AnekceeB A.W., LLepemeTbeB
A.l'., TysoB .. — M.: Hayka, 1969. — 365 c.

BapakuH J1.E. Cuctembl cBsi3u € LIymonoao6HbiMu curHanamu. — M.: Paguo u ceasb, 1985. — 384 c.

MnatoB B. LLnpokononocHble cMcTeMbl U KOAOBOE pa3dernieHne CUrHanoB.MPUHLMILI U MPUNOXKEHMS.
— M.:TexHocdepa, 2007. — 488 c.

V.L. Banket. Active filter for optimum noncoherent demodulation of continuous phase frequency
modulation signals / V.L.Banket, S.Yu. Manakov // Tsifrovyye tekhnologii, Ne 19 (2016), . 9- 20.

Bbanawios B.A.. CucteMbl nepeaayn opToroHanbHbIMU rapMoOHMYeckumMmn curHanamm / banawos B.A.,
Bopo6ueHko IM.11., Jlaxoseukni J1.M. — M.: Jko-TpeHas, 2012. — 228 c.

Banket V.L., Manakov S. Yu. 21
Composite Walsch-Barker sequences



