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Background. Currently noise-like signals (NLS) are widely used and provide high level of jamming immunity and
security in broadband communication systems (BCS) when transmitting confidential information in an open radio
channel, especially in emergencies. Increasing the efficiency of the NLS is possible when using more advanced code

structures.

Objective. The purpose of this research is to study new Barker’s composite codes as modulation signals in

broadband communication systems.

Method. Simulation modeling based on MatLab software package and analytical calculation methods are used.
Results. Modeling in the MatLab software package showed the possibility for using new Barker’s composite codes
as modulation signals in direct spread spectrum systems but efficiency depends on code words length as well as type

synchronization signal.

Conclusions. Analysis of research results shows that the new Barker composite codes 21a, 33a, 49, 77a, 121 can be
effectively used as modulation code words in broadband systems with direct spectrum expansion.
Keywords: Barker codes; composite Barker codes; broadband communication systems,; autocorrelation function.

At present time noise-like signals (NLS)
allow ensuring high interference immunity of
broadband communication systems (BCS) when
transmitting confidential information in an open
radio channel, especially in emergencies. NLS are
used in modern multi-channel communication
systems with code division multiplexing (CDMA,
WCDMA) such as wireless communication
systems of the 802.11 family with direct sequence
spread spectrum technology (DSSS) and modern
radar systems. Barker's sequences, discovered in
1953, have the best correlation characteristics of
all the NLS [1]. Twelve sequences with length N
equal to 14 (14a, 14b), 21 (21a, 21b), 22 (22a,
22b), 33 (33a, 33b), 49, 77 (77a, 77b), 121 are
described in [2, 3]. Main peak of autocorrelation
function (ACF) for these sequences excess the
positive side ACF components in N times. Four
pairs of new Barker composite sequences were
obtained [4], and another 28 new pairs [5], which
have the same ACF as sequences described in
[2,3]. The possibility of using Barker's new
composite sequences as synchronizing signals was
investigated [6] and their effectiveness was shown
in comparison with sequences described in [2,3].
The efficiency of using new Barker composite
sequences as synchronization signals compared to
Gold sequences is shown in [7, 8].

In this article authors are being tried to
investigate the new Barker composite codes 21a,
33a, 49, 77a, 121 as code words for modulation in
systems with direct spread spectrum. Also the
Barker composite code 121 and Gold code 127-1
were used as synchronization signals (Fig. 3) [6].
The formation of Gold 127 codes and construction
of their ACF was carried out using the MATLAB
R2015B program. For the synthesis of Gold 127
codes the preferred polynomials z’+z+1 and
z'+7°+7*+1 with an arbitrarily chosen initial state
of the registers were used.

The purpose of this work is to study new
Barker composite sequences as code words
(modulation signals) in the systems with direct
spread spectrum.

Functional diagram of the MATLAB
model

The functional diagram of the model is
shown on Fig. 1. Functional diagram has two
generators for direct code words (CW) or invers
code words (CWinv) sequences and sync pulses
(SP) sequences. The pulse generator controls the
switch and alternately sends synch pulses and
code words into the channel, thus forming a
wideband signal (WBS). Structure of WBS cycles
is following: SP-CWinv-CW-CWinv-CW-SP-
CW-CWinv-CW-CWinv-SP-CW-...
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Fig. 1. Functional diagram of the NLS reception mode model
The scheme on Fig. 1 is divided into two with the "reference" ones are excluded

identical paths: the path of receiving and
processing sync pulses (SP) and the path of
receiving and processing code words (CW and
CWinv). The AWGN block adds white Gaussian
noise to the input broadband signal. The noise
level is set by the SNR [dB] parameter of the
AWGN block.

In the path of reception and processing of
sync pulses, the first digital matched filter (DMF)
(SP)-1 isolates sync pulses susceptible to the
effects of interference and noise from the mixture
of NLS and noise. At the output of DMF-1, both
correctly received sync pulses and false triggering
pulses are formed.

The second digital matched filter (SP)-2
with a noiseless and interference-free NLS emits
"reference" sync pulses. In the error registration
scheme, the correctly accepted ones that coincide

from the mixture of correct and false pulses, only
the pulses of false triggering remain, which are
counted by the SP errors counter.

Each false positive pulse through the Lo
limit control circuit increases the Lo limit
threshold until the noise and spurious components
will be compensated. The Lo indicator fixes the
limit level.

On Fig. 2 CW Bark21, Bark33, Bark49,
Bark77, Bark121 ACF in case using sync pulses
Bark121 and Gold127 are shown. On Fig. 3 you
can see output signals at the receiving and
processing sync pulses and code words (as an
example, SP Gold127 plus CW Bark21 and SP
Bark121 plus CW Bark21 are taken). Fig. 3 shows
that the structure of the cycle is not disturbed,
direct and inverse CW alternate. It can be also
seen that negative ACF emissions of inverse CW
become a positive obstacle for direct CW.
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Fig. 3. Output signals at the receiving and processing path for CW + SP

Signals comparison was carried out according to
the criterion of the ACF peak losses in
percentages for different noise level, which is
presented as SNR (Signal-to-Noise Ratio). The
effectiveness for different types of CW was
evaluated by the criterion of the SP ACF peak
losses:

P(%) = Lo/A, (D

where Lo is the threshold level for error-free
reception; A is the amplitude of the
synchronization pulse, which is equal to the
code’s length.

The CW effectiveness for different types of SP
was evaluated by the parameter:

APcw (%) = PiarBar (%0) — Pgar/Gold (%), (2)

where Ppaygar (%) and Pgarcold (%0) are the losses of
ACF peak selection for CW when using
composite Barker codes or Gold codes as SP.

Research results
The results of the efficiency evaluation
according to the criterion of the CW ACF peak
losses with different types of SP are shown in
tables 1...4 respectively.

Table 1. CW ACF peak losses in caseSP Gold 127

SNR dB Bark 21 Bark 33a Bark 49 Bark 77 Bark 121
30 47,60% 42% 36% 34% 21%
25 47,60% 44% 38% 35% 23%
20 52,40% 45% 40% 36% 24%
10 66,70% 56% 48% 42% 30%

5 85,70% 70% 57% 48% 36%
0 97% 76% 62% 48%
-3 96% 77% 61%
-5 93% 74%
-6 81%

Table 2. SP Gold 127 ACF

cak losses for different CW

SNR dB CW 21 CW 33 CW 49 CwW 77 CW 121
30 29,10% 27% 27% 27% 21%
25 29,90% 28% 28% 28% 23%
20 31,50% 29% 30% 30% 24%
10 37,80% 35% 35% 35% 30%

5 44,90% 41% 41% 41% 36%
0 57,50% 53% 54% 52% 48%
-3 70,10% 64% 65% 64% 61%
-5 81,10% 75% 76% 75% 74%
-6 87,40% 82% 81% 81% 81%
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Table 3. CW ACF peak losses for SP Bark 121
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SNR dB Bark 21 Bark 33 Bark 49 Bark 77 Gold 127
30 57,10% 45% 36% 29% 27%
25 59,50% 48% 38% 29% 28%
20 61,90% 52% 39% 31% 30%
10 78,60% 64% 47% 38% 36%
5 95,20% 74% 56% 45% 43%
0 98% 74% 61% 55%
-3 97% 77% 67%
-5 93% 79%
-6 87%

Table 4. Peak Losses SP Bark 121 ACF for different CW

SNR dB CW 21 CW 33 CW 49 CW 77 CW G127
30 22,30% 33% 25% 27% 24%
25 23,10% 32% 24% 26% 23%
20 24,00% 33% 26% 28% 24%
10 28,10% 39% 31% 33% 30%

5 36,40% 43% 37% 39% 36%
0 49,60% 54% 48% 49% 48%
-3 63,60% 64% 60% 59% 59%
-5 76,00% 73% 72% 70% 70%
-6 83,50% 80% 78% 77% 76%

CW ACF peak losses diagrams in cases SP Gold 127 and Bark 121 are shown in Fig. 4...7. SP Gold 127 and

Bark 121ACEF peak losses for different CW are also shown in these figures.
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Effectiveness calculation for different CW is shown in table 5.

Table 5. CW effectiveness (APcw)

19

SNR dB Bark 21 Bark 33a Bark 49 Bark 77 Bark 121
30 9,50% 3% 0% -5% 6%
25 11,90% 4% 0% -6% 5%
20 9,50% 7% -1% -5% 6%
10 11,90% 8% -1% -4% 6%

5 9,50% 4% -1% -3% 7%
0 1% -2% -1% 7%
3 1% 0% 6%
-5 0% 5%
-6 6%

Effectiveness calculation for SP in case different CW was done by the formula (see results in table 6):

APsp (%) = Psp BarBar (%) — Psp Bar/Gola (%0),

3

where: Psp ayBar (%) and Psp BarGold (%) — SP ACF losses Barker composite code and Gold code for different

CW.
Table 6. SP Barker composite code and Gold code effectiveness, APsp (%)

SNR dB CW 21 CW 33 CW 49 CwW 77 CW G127
30 -6,80% 6% -2% 0% 0%
25 -6,80% 4% -4% -2% -2%
20 -7,50% 4% -4% -2% -2%
10 -9,70% 4% -4% -2% -1%

5 -8,50% 2% -4% -2% -3%
0 -7,90% 1% -6% -3% -2%
-3 -6,50% 0% -5% -5% -3%
-5 -5,10% -2% -4% -5% -4%
-6 -3,90% -2% -3% -4% -5%

Analysis of the code words effectiveness
(Table 5) shows that in case of using composite
Barker codes as code words together with
composite Barker code 121 as a sync pulses is less
effective than the use of composite Barker codes
as code words together with the Gold code 127.

Due to the fact that it is not possible to use
Barker 121 composite code word together with
Barker 121 sync pulse, a effectiveness comparison
was made in case of Barker 121 code word with
the Gold 127 code as a sync pulses. In addition

combination Gold 127 (CW) and Barker 121 (SP)
was researched. Results show that the ACF peak
losses of the Gold 127 codeword with Barker 121
sync pulses are greater for 5...7% than the ACF
peak losses of the Barker 121 code word with
Gold 127 sync pulse in the range of SNR range (-
6...30) dB.

Analysis of the sync pulses effectiveness
(Table 6) shows that in case of using Barker 121
composite code as a sync pulses for different code
words is more effective than Gold 127.
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Conclusions

1. Analysis of research results shows that the new
Barker composite codes 21a, 33a, 49, 77a, 121
can be effectively used as code words in
broadband systems with direct spectrum
expansion.
2. It is not recommended to use composite Barker
codes 21a, 33a, 49, 77a, 121 with Barker 121 sync
code. It is better to use Gold 127 as sync code in
this case. Effectiveness of Gold 127 as sync code
in comparison to Barker 121 sync code is as
follows:

= CW Barker 21a — 9.5...11.9% for SNR

(5...30) dB;

= CW Barker 33a — 1.0...8.0% for SNR
(0...30) dB;

= CW Barker 49a — 0.0...1.0% for SNR
(-3...30) dB;

=  CW Barker 77a —0.0...5.0% for SNR
(-5...30) dB;

=  CW Barker 121 —5.0...7.0% for SNR
(-6...30) dB.

3. Taking into account that not all composite
codes were considered in this work, it is desirable
to additionally research composite codes 21b, 33b,
49 (Nev2-Nev4), 77b, 121 (Nev2-Nev4) as code
words.
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Hogi kommno3uTHi koau bapkepa B sikocTi curHaJgiB MoayJsiiii B cucreMax IIMPOKOCMYTOBOI0 3B’ SI3KY

IIpodaemaTuka. B manuii 4ac IMIMPOKO BUKOPUCTOBYIOTHCs IymonoAioHi curnamu (LLUIIC), sxi 3abe3neuyroTh
BHCOKY 3aXHIICHICTh CHUCTEM MIHpoKocMmyroBoro 3B'si3ky (LLIC3) Bin HaBMHCHHX 3aBaj Ta Oe€3IleKy NpH mnepenadi
KoHineHuiHol iHGopManii y BIAKpUTOMY pajioKaHaldi, OCOOJMBO B EeKCTpEHUX cuTyauisx. [linBuieHHs
epextuBHocTi ITIC MoOXiIMBE 3 BUKOPUCTAHHSIM OLIbII JOCKOHAJIIMX KOJOBUX CTPYKTYP, 30Kpe€Ma, HOBUX METOJIB
noOyI0BA KOJOBHX TOCHIZOBHOCTEH bapkepa, 110 BHUKOPHCTOBYIOTBCSI B CHCTEMax O€3IpOTOBOrO 3B'SA3KYy 3
TEXHOJIOTIEIO MPSIMOTO PO3LUIMPEHHS CHEKTPY MOCIITOBHOCTI.

Merta pociixkeHb. MeToro poOOTH € JOCHIIKEHHS HOBHUX KOMIIO3UTHHUX KoJiB bapkepa B fAKOCTI cuUrHaiiB
MOIyJALil B CHCTEMAax 3 NPSIMUM PO3IIUPEHHSIM CIIEKTPA 3a JOIIOMOTOI0 MOJCIIIOBAHHS.

MeTtoauka peadnizaunii. BUKOpHCTOBYIOTECS aHAITHYHI METOAM PO3PAaXyHKY, a TAKOXX IMiTalliifHE MOJCIIIOBAHHSA B
maketi nporpam MatLab.

Pe3yabTaTn gociimkenb. MojaenoBanHs B cepenoBuini MatlLab HOBUX KOMMIO3MTHHUX KOIiB bapkepa B sikocti
CHTHAJIIB MOIYJIALIT B CHCTEMax 3 MPSIMUM PO3LINPEHHSIM CIIEKTpa IT0Ka3ajlo, IO i KOAU AOMUIFHO BUKOPHCTOBYBATH B
TaKHUX CHCTEMax, aJie IX €()eKTUBHICTh 3AJICIKHUTH SIK BiJl TOBKWHH KOJOBOTO CJIOBA, TAK 1 BiJ BUIy CHHXPOCUTHAIY.

BucHoBKM. AHai3 pe3yJibTaTiB MOJEIIOBaHHS B IakeTi nporpaM MatlLab moka3zaso, 1o HOBI KOMITO3UTHI KOJH
Bapkepa 21a, 33a, 77 Ta 121 MaioTh BHCOKY €(EKTHBHICTH B CHCTEMaxX 31 IIMPOKOCMYIOBHUMH CHIHAJIAMH, IO
BUKOPHCTOBYIOTH TEXHOJIOTIIO IIPSIMOTO PO3MINPEHHS CIEKTPY.

Knrwuosi cnosa: koou Bapkepa; komnosumni koou Bapkepa; wupokocmyeosi cucmemu 36 513Ky, a8mMoKopensiyiina
pynryis.





