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THE ALGORITHM OF RANDOM LENGTH SEQUENCES
SYNTHESIS FOR FRAME SYNCHRONIZATION OF
DIGITAL TELEVISION SYSTEMS

A.B. Caoduenko, O.A. Kywmnipenko, O.B. Tposincokuil. AJITOPUTM CHHTE3Y MOCTIIOBHOCTEH TOBIJILHOI IOBKHUHU JIUIsI KAJAPOBOI CH-
HXpoHi3anii cucteM nudposoro Tesedayenns. Y cucreMax IMUPPOBOTo TeaeOaueHHs MOTPiOHO 3a0€3MeUNTH BUKOHAHHS BCIX omepamniif 3
00poOKH HU(BPOBUX CUTHATIB CHHXPOHHO 1 mocuiioBHO. KaapoBa cuHXpoHi3alisi BUKJIMKaHa HEOOXITHICTIO y3ro/keHHs o (a3i neperaBaya
i mpuiiMaya TaKMM YMHOM, 100 MOXHa OyJI0 ineHTH]IKyBaTH o4aToK Kaapy. CUrHaIaMyl KaJpoBoi CHHXPOHI3alii 4aCTO BUKOPHCTOBYIOTh-
cs1 OiHAapHI MOCIITOBHOCTI BEJIMKOT JTOBXKHHH 3 XOPOIIUMH HETIEPIOAMYHUMHU aBTOKOpENAiHHIMEU QyHKUisMu. Mema: Po3pobui anropurmy
CHHTE3Y TaKHX IOCTITOBHOCTEH JOBIIBHOI TOBXHHH NPHCBSYEHO qaHy poboty. Mamepianu i memoou: Y poGoTi MPOBEICHO MOPiBHAILHUI
aHAJI3 BIOMHX IIOCIITOBHOCTEH, SIKI MOXKYTh BUKOPHUCTOBYBATHCS SIK CHHXPOHI3YIO4i, BUSBIICHO IX IepeBard i HeAONMKH. 3alpornoHOBaHO
QITOPUTM CHHTE3y OiHAPHMX CHHXPOHI3YIOUHX MOCIIZOBHOCTEH MOBLIBHOI JOBXKUHH 3 XOPOIIMMHU aBTOKOPEISILIHHUMY BIACTHBOCTSIMHU Ha
6a3i rereparopa IIyMy 3 piBHOMIpHUM 3aKOHOM PO3IMOALTY HMOBIpHOCTI. BuXifHUM MaTepiajaoM AJs CHHTe3y OiHApHHX MOCIiTOBHOCTEH i3
3aJlaHMMH BJIACTHBOCTSIMH 3aIIPONIOHOBAHO BUKOPHCTOBYBATH HAIliBIIPOBITHHKOBHUI reHepaTop «Oijgoroy mymy. Pesyrsmamu: IlpoBeneHo
CTaTHCTHYHUI aHaJi3 BUXIJHUX peajizaiiil «011oroy myMy i CHHTE30BaHHX MOCIITOBHOCTEH IS KaJpOBOI CHHXPOHI3allii cuCTeM Hu(poBo-
ro tenebauenus. [IpoBeneHo MOPIBHSUIBHHUN aHANI3 CHHTE30BaHHX IOCIITOBHOCTEH 3 BiJOMUMHU. Pe3ynpTaTu aHamidy mokasyroTh HepeBaru
OTPHMAaHUX IOCIIJOBHOCTEH B IIOPIBHAHHI 3 BitoMHMH. [IpoBeicHe MOIEIIIOBaHHS MIATBEPIKY€E OTPUMaHI pe3ynbTaTd. Bucnosku: Taxum
YHHOM, OTPHMAHO AITOPUTM MOIIYKY OIHAPHUX CHHXPOHI3YIOYMX MOCIIJOBHOCTEH i3 3aIaHUMH aBTOKOPEALIHHIMHU BIACTUBOCTSIMH, Bil-
HOBIJTHO ZI0 SIKOTO MOXe OyTH OTPHMAaHO IOCIOBHOCTI, 110 HePEeBEPLIYIOTh BiJIOMI 1 HE MalOTh 0OMEXKEHb MO JAOBXUHI. OTpUMaHi CHHXPO-
HI3yI0Ui IOCIIIIOBHOCTI MOKYTh OyTH BUKOPHCTaHI IUIs KaJpoBOi CHHXPOHi3alii B cy4acHUX HU(POBUX cHcTeMax nepenadi indopmarii, mo
MiZBUIIUTG 1X e()EKTUBHICTb i 3aBaJOCTIHKICTB.

Kmiouoei crosa: xanpoBa CHHXPOHI3allist, GiHapHi CHHXPOHI3YI04i ITOCIIIOBHOCTI, «OLTHID» 1TyM, aBTOKOPEISILiiiHA (DYHKIis.

A.V. Sadchenko, O.A. Kushnirenko, A.V. Troyansky. The algorithm of random length sequences synthesis for frame synchronization of
digital television systems. Digital television systems need to ensure that all digital signals processing operations are performed simultaneously and
consistently. Frame synchronization dictated by the need to match phases of transmitter and receiver so that it would be possible to identify the start of
a frame. As a frame synchronization signals are often used long length binary sequence with good aperiodic autocorrelation function. Aim: This work
is dedicated to the development of the algorithm of random length sequences synthesis. Materials and Methods: The paper provides a comparative
analysis of the known sequences, which can be used at present as synchronization ones, revealed their advantages and disadvantages. This work
proposes the algorithm for the synthesis of binary synchronization sequences of random length with good autocorrelation properties based on noise
generator with a uniform distribution law of probabilities. A “white noise” semiconductor generator is proposed to use as the initial material for the
synthesis of binary sequences with desired properties. Results: The statistical analysis of the initial implementations of the “white noise” and synthe-
sized sequences for frame synchronization of digital television is conducted. The comparative analysis of the synthesized sequences with known ones
was carried out. The results show the benefits of obtained sequences in compare with known ones. The performed simulations confirm the obtained
results. Conclusions: Thus, the search algorithm of binary synchronization sequences with desired autocorrelation properties received. According to
this algorithm, the sequence can be longer in length and without length limitations. The received sync sequence can be used for frame synchronization
in modern digital communication systems that will increase their efficiency and noise immunity.

Keywords: frame synchronization, synchronization binary sequence, white noise, autocorrelation function.

Introduction. The digital television systems, currently widespread practiced throughout the
world, represent a particular aspect of digital communication systems. At such systems need to ensure
that all digital signals processing operations are performed simultaneously and consistently [1].

The data transmission frame format in a digital color television is shown at Fig. 1, where each
channel has its own personal address. The frame size, in most cases, is selected as power of 2.
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Fig. 1. Data transmission frame format at digital color television systems

Frame synchronization dictated by the need to match phases of transmitter and receiver so that it
would be possible to identify the start of a frame. As a frame synchronization signals are often used
long length binary sequence with good aperiodic autocorrelation function [2].

Thus, this work is dedicated to the development of the algorithm of random length sequences
synthesis.

For synchronization signal extracting at the receiving side required is the reference sequence con-
taining correlation device or a matched filter [3]. The frame synchronization block diagram is shown
at Fig. 2. The synchronization is carried out due to data accumulation. Supposingly, at the start of each
frame data pack a special signal will be transferred and identified by the matched filter. The threshold
device checked, sync pulses, with the aim to reduce the false triggering probability are fed to a multi-
output delay line, from which outputs the signal is sent to the multi-input circuit “AND”. If at least one
input of the “AND” circuit the signal will be missing, it will also be absent at the output. A stable
generator produces a sequence of short rectangular pulses under frames rate. When the sync signal
arrives at the input of stable sync pulses generator there occurs the binding in phase with the input
signal [4].

Since the convolution calculation takes place after demodulation, the errors appear in the form of
changes in the values of the signal’s individual positions, i.e. change for the opposite values. As a model
of the communication channel, we shall consider a binary symmetric channel where the transitions of
symbol “~1” into the “+1”” symbol and the symbol “+1” into the symbol “—1” are equiprobable.
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RESET
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Fig. 2. Structural diagram of frame synchronization: T, — line of one time step delay

Obviously, the synchronization sequence should have a low sidelobe level (SLL) of correlation
function that being defined as

R(k) =%ic(i)c(i+k), k=0,m.

For synchronization sequences we can use Barker codes, maximum length sequence or an M-
sequence, Gold codes [2].

The best correlation properties are attributed to Barker codes, but only nine Barker sequences are
known, all of length N at most 13 (Barker codes do exist only for lengths 4, 5, 7, 11, 13). M-sequences

and Gold codes exist only for odd lengths divisible to N =2% -1, k=2,3,4,...
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In this regard, the synchronization signal building we face the problem of synthesizing video
sequences of arbitrary length (e.g., non-standard codes with a length of 8, 16, 32, 64 elements). The
easiest way to get the synchronization sequence length of N =2F, k=2,3,4,... is to complete the M-
sequence for reaching an even number.

Considering M-sequence of N =7 length (Fig. 3) which coincides with a Barker code: the auto-
correlation function (ACF) for Barker code of N =7 length is shown in Fig. 4, a. After completing the
sequence by adding first symbol “~1” the ACF takes the form shown in Fig. 4, b.
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Fig.3. Envelope of the Barker sequence of N = 7 length
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Fig. 4. ACF for Barker code of N = 7length and additional code of N = 8(-1) length

It is clear that the “augmented” sequence’s correlation properties deterioration will be the
greater, the more elements completed.

The aim of research is to development of the search algorithm of binary synchronization
sequences with predefined autocorrelation properties, and comparative analysis of the synthesized
sequences with known.

Materials and Methods. To find the binary sequences with desired properties of lengths N < 40
we can use the exhaustive search algorithm. However, for large values of N, the search time is unac-
ceptable increasing.

Well-known [2], that signal having an autocorrelation function that is close to the ideal, i.e. with
low sidelobe level, should have a broad spectrum approximated to the spectrum of white noise. There-
fore, for the noise-like binary sequences of N > 40 length proposed is to use a correlation algorithm for
analyzing the white noise segments of N samples length, quantized for the levels —1, 1.

Variate transformation should be implemented according to the following rule:

1: %in Z Aé
Eoue = At
out A s
_15 in <
5 2

where A& — initial spectrum of random value changes.
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The source noise can be obtained algorithmically using, for example, a congruential generator, or
physically, using a semiconductor noise generator.

A noise generating circuit quantized to two levels based on semiconductor noise generator is
shown at Fig. 5.

Output from
i olarity bit
Semiconductor White Gaussian P
GNOise ZS Noise Generator > Amplifier > ADC >
enerator

Fig. 5. Semiconductor noise generator

Analysis of the noise implementations’ statistical characteristics carried out in Scilab environ-
ment, showed a good agreement between the obtained distribution law and the uniform distribution
law. The initial data used at the statistical characteristics’ analysis represented the noise under three
implementation types, the number of samples for each implementation » = 10000.

To search for signals with given LSL of ACF applicable is the following algorithm:

Step 1. Setting the sequence length N and the required LSL Rj. The iterations number is M.

Step 2. Saving the file with noise sequence of length V.

Step 3. ACF calculation.

Step 4. Maximum SLL calculation R,,, = rnl?x|R(k)|, k=1,m.

Step 5. Checking the condition Rjm.x < R,. If not fulfilled, and the iterations number is not
reached, go back to Step 2. If condition is satisfied, go to Step 6.

Step 6. Saving the found sequence.

Results. The comparative characteristics for code sequences, constructed using various algo-
rithms (exhaustive search, “noisy” search) are given at Table 1.

Table 1

Sidelobe level of autocorrelation function for code sequences obtained by different methods

Code length 4 5 6 7 8 9 10 11 12 13 14 15 16 17

M-sequence 1 3
Exhaustive 1 1 2 1 3 3 2 1 2 1 2 2 2 3
search
“Noisy” search 1 1 2 1 3 3 2 1 2 1 2 2 2 3
Code length 18 19 20 21 22 23 24 25 26 27 28 29 30 31
M-sequence 4
Exhaustive 2 3 3 2 3 3 3 3 3 3 3 3 3 3
search
“Noisy” search 2 3 3 2 3 3 3 3 3 3 3 3 3 3
Code length 32 33 34 35 36 37 38 39 40 41 42 34 44 45
M-sequence
Exhaustive |5\l gl g 4 | 4 | 4 | 4| 5 | s | s | 5| 5|5
search
“Noisy” search 3 4 4 4 4 4 4 4 5 5 5 5 5 5
Code length 46 47 48 49 50 51 52 53 54 55 56 57 58 59
M-sequence
Exhaustive 6 | 6 6 6 | 6 6 6 6 6 6 6 6 6 6
search
“Noisy” search 6 6 6 6 6 6 6 6 6 6 6 6 6 6

Examples of autocorrelation signals for some lengths, found using the white noise areas correla-
tion analysis method are given at Table 2.

EJIEKTPOHIKA. PAJIOTEXHIKA. 3ACOBHM TEJIEKOMYHIKALITIA



ISSN 2076-2429 (print) e DAl . R . 101
ISSN 2223-3814 (online) Odes’kyi Politechnichnyi Universytet. Pratsi, Issue 3(47), 2015

Analysis of the data represented at Table 1 shows that the results obtained by the exhaustive
search method, and by the “noisy” search have similar levels of ACF sidelobes R, ,.x overpassing by
this indicator the M-sequences. Furthermore, these methods provide getting a sequence of any length.

Essential to note is that the search of binary sequences with desired autocorrelation properties for
N> 40 values by exhaustive method leads to an unacceptable increase in search time. This shortage is
absent at the proposed method of “noisy” search.

Table 2
Examples of the obtained sequences’ ACF
M-sequences “Noisy” sequences
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Table 3 exposes examples of binary sequences found using the proposed method for several N
values and the assessment of relative computational complexity for exhaustive and “noisy” searching.

Table 3
Sequences found using the proposed method
Code Example of the obtained binary se- SLL, Itef‘atl(?ns”number Iterations num- Rela.tlve com-
length quence R of “noisy” search | ber of exhaus- | putational com-
max v, tive search V | plexity V/V,
16 e 2 800 65535 82
17 ettt 2 1100 131072 119
At - 1nls 109
50 bt 5 225000 1,13-10 5,00-10
i i S S S e S +ot - 1nls 109
51 et 5 350000 2,25-10 6,43-10

Analysis of data from Table 3 reveals a significant reduction in computational complexity when
using the “noisy” search.

Conclusions. The simulation results do evidently demonstrate that the sequence length being up to
128 the maximum levels of the found sequences’ ACF sidelobes R, .« are less than at M-sequences case.

Thus, the search algorithm of binary synchronization sequences with desired autocorrelation
properties received. According to this algorithm, the sequence can be longer in length and without
length limitations. The received sync sequence can be used for frame synchronization in modern  dig-
ital communication systems that will increase their efficiency and noise immunity.
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