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Abstract. The paper deals with a simultaneous implementation of the frame and bit
synchronizations in the different phase-shift keying signal telecommunication networks. The
synchronizer device model allowing synchronizing to the detection phase, taking into account
the delivery of signals difference encoding, is presented.

1. Introduction

Difference phase-shift keying (DPSK) is a modulation scheme which facilitates non coherent
demodulation. PSK typically does not support this, and therefore requires coherent demodulation
only. Coherent demodulation means that the carrier sinusoid which is modulated by the message
signal to get the passband signal has to somehow be reproduced at the receiver end and thereby used
for demodulation of the passband signal to obtain the message . This can become tricky because more
often than not, the received signal's carrier frequency has deviated from the original because of the
Doppler and other effects. Thus, using the same carrier frequency as that of the transmitted signal will
give a noisy demodulated message signal. But since the receiver has no knowledge of what transpired
during transmission, generating the received carrier is not easy (one may use PLLs to do this though).
DPSK modulation offers a way out by modifying the transmissions so that each transmission also
depends on the previous one. By this technique, for demodulation of the current signal in a signaling
time period, the received signal in the previous time period can be used as a local carrier at the
received end for demodulation. Because the frequency deviations are typically equal during both the
current and previous time instant, they cancel out and the signal can be demodulated. However, there
is a price to be paid in terms of noise performance, so this advantage of DPSK is not for free in
communication systems with noise.

Difference encoding at the receiving site is removed based on phase difference of the received
signals. Such incoherent detection methods significantly simplify their receiving equipment schemes.

However, the raising requirements to digital data communications at a low signal-to-noise ratio set
the problem of the detection methods implementation possessing the best noise immunity and the
maximum data throughput.

Coherent detection methods have better noise immunity in comparison with incoherent ones, but let
us assume tracking systems and synchronization systems with the differential encoding removal
operation [1-3].

To perform the synchrotiming, a sinhropreambula providing the frame and bit synchronizations is
put into the signal structure.

The problem of an optimal synchronization system choice is an actual scientific and technical task
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in modern telecommunication systems creation.

2. Problem Formulation

Existing receivers are mainly different schemes, operating frame and bit synchronizations, and
differential encoding remove operations. At the same time, the differential encoding removal often
derives before the detection step, based on the phase value, and then the synchronization process [2-4].

In this case, in fading and multipath effect environments, there are frame synchronization problems
in coherent signals reception.

The actual technical solutions are the holding frame and bit synchronizations by various schemes
after detection operation taking some time, which greatly reduces the communications link
possibilities with batch communications [4-9].

Thus, there is an actual scientific and technical problem, aimed at reducing the decision-making
ambiguity and the capacity growth when setting the timing of signals with the DPSK in the highly
interference signaling environment.

The task to be solved by the presented work is increasing the synchronization probability at a low
signal-to-noise ratio, while simultaneous decreasing the synchronization time.

3. Problem solution

In a digital communication system, the output of the demodulator must be sampled periodically at the
symbol rate, at precise sampling time instants Im = mT+t, where T is the symbol interval and t is a
nominal time delay that accounts for the propagation time of the signal from the transmitter to the
receiver. To perform this periodic sampling, we require a clock signal at the receiver. The process of
extracting such a clock signal at the receiver is usually called symbol synchronization or timing
recovery.

Timing recovery is one of the most critical functions that is performed at the receiver of a
synchronous digital communication system. We should note that the receiver must know not only the
frequency (1\T) at which the outputs of the matched filters or correlators are sampled, but also where
to take the samples within each symbol interval. The choice of sampling instant within the symbol
interval of duration T is called the timing phase.

Symbol synchronization can be accomplished in one of several ways. In some communication
systems, the transmitter and receiver clocks are synchronized to a master clock, which provides a very
precise timing signal. In this case, the receiver must estimate and receive signals. Such case may be
applied for radio communication systems that operate in the very low frequency (VLF) band, where
precise clock signals are transmitted from a master radio station.

Another method for achieving symbol synchronization is for the transmitter, to simultaneously
transmit clock frequency 1/T or multiple of 1/T along with the information signal. The receiver may
simply employ a narrowband filter tuned to the transmitted clock frequency and, thus, extract the
clock signal for sampling. This approach has the advantage of being simple to implement. There are
several disadvantages, however. One is that the transmitter must allocate some of its available power
to the transmission of the clock signal. Another is that some small fraction of the available channel
bandwidth must be allocated for the transmission of the clock signal. In spite of these disadvantages,
this method is frequently used in the telephone transmission system that employ large bandwidths to
transmit the signals of many users. Through this shared use of the clock signal, the penalty in
transmitter power and in bandwidth allocation is reduced proportionally by the number of users.

A clock signal can also be extracted from the received data signal.

This problem is solved due to the use of the timing of signals scheme, characterized by what
includes the module executing the cross-correlation function between the receiving signal and the stuff
word in each discrete counting that allows implementing a simultaneous frame and bit
synchronizations without demodulation operation performance.

The device is explained in figure 1, where the structure of the DPSK signals synchronizer is
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Figure 1. The structure of the DPSK signals synchronizer

The synchronizer includes the functional accounting assembly of the differential modulation
consisting of: the time delay line - 1, the division operator device - 2, and the buffer - 3, the correlation
device consisting of the selector switch - 4, a memory node of a stuff word - 5, the multiplication
operator device - 6, the selection of the signal unit - 7, and comparison operators of the total signal
with the threshold value in the device - 8.

The essence of the useful model is the application of the quaternary implementation of the
synchronizer DPSK.

The quaternary implementation reduces all types of signal sending to the single amplitude shift
keying. Each vector in the plane is transferred by the amplitude shift, keying its in-phase and
quaternary projections to sinusoid and cosine components it carrying.

Narrowband signal S(t) can be written as the following expression [10]:

S(t) =X cosat + J Yy sinagt (1
where: X, is the quaternary entry of channel I; Y, is the quaternary entry of channel Q; &) is the

circular frequency.
Received signal S(t) is written as follows:

(t)= ZET (cos@ cosapt +sing singgt )+ n(t)
with 0<t<T i=1,..M 2
where: E is the energy transmitted to the signal; T is the signal transmission time; ¢ = 2% is the

value of the oscillation phase; i is the value of the number of conditions in the modulation; n(t) is the
Gaussian noise process.

Data vector ¢k is defined according to expression (2):

Pk = Pk + 49 3)

where: pk-1 is the phase of the previous symbol;

Apk is the phase difference.

The summation of this coded message, expressed by the phase difference 4¢k from the previous
phase ¢k-1, provides a messages differential modulation.

In this case, the organization of bit and frame synchronization between the signaling a message
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subscriber and the receiving a message subscriberis is implemented without the utility function,
transferring in the opposite direction.

The device operates as follows. Accounting for the presence of symbols differential modulation is
performed by using the division function of received signal S(t) with signal S.;(t), obtained at the
previous time slot by delay line 1.

Buffer 2 writes the digital indications of the received signal on the value duration of
synchronization sequence T;.

Selector 4 is required for the previous values strobing of differential signal D(t) with a frequency
of the digital signal symbol duration, which further defines the receiving side bit synchronization.

Signal module tp), where to is the current time of data being manipulated, is determined by cross
correlation of differential signal D(t) with known stuff word Sw.

Device 8 compares the signal module values with a predetermined threshold value.

Thus, the moment of signal module value, exceeding D(T;) of the threshold level immediately
after all stuff word receiving, will detect the frame and bit synchronization start time.

Such synchronizer implementation for differential modulation allows one not to enter the meander
into the sinhropreambula for bit synchronization.

4. Conclusion
The synchronizer device model allowing to synchronize up to the detection phase, taking into account
the delivery of signals differential encoding, is presented.

The presented synchronizer device model in telecommunication networks with differential
manipulation allows performing a simultaneous frame and bit synchronizations for the coherent take-
up method.

The use of such solution patterns allows one to solve the intersymbol noise problems in fading and
multipath environments.

The practical implementation of the presented device can reduce the sinhropreambula duration by
30% of indifferential eight phase manipulation networks D8PSK, at an equal signal-to-noise ratio.

Thus, the present method allows improving the synchronization signals quality at a low signal-to-
noise ratio with the simultaneous frame and bit synchronization.
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