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Bit error analysis of binary phase shift keying modulation over additive
white gaussian noise channel using replica correlation detection
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kanal iizerinden ikili faz kaydirmali1 anahtarlama modiilasyonunun bit hata
analizi
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Abstract

Replica correlation is performed for reaching better data transfer
results in communication systems. The use of a pulse code signal pattern
with replica correlation detection in a transmitted pulse packet is an
important requirement to ensure high performance in noisy
communication channels. In this paper, a BPSK modulation design with
a system software is proposed to study the performance under varied
noise inclusions in the system channels. Using this design, 7-cell and
9-cells replica correlation model are applied to get lossless data in
communication systems. The results are produced to show the improved
performance of the system in pulse type communication.

Keywords: BPSK, Gaussian, Replica, Correlation, Communication,
Signal processing.

Oz

lletisim sistemlerinde daha lyi veri aktarim sonuglarina ulasmak icin
yenileme korelasyonu uygulanmigtir. Iletilen darbe paketinde cogaltma
korelasyon tespitine sahip bir darbe kodlu sinyal ériintiisii kullanilmasi,
gtirtltilii iletisim kanallarinda yliksek performans saglanmasini
saglayan énemli bir gerekliliktir. Bu yazida, bir sistem yazilimi ile bir
BPSK modiilasyon tasarimi, kanallardaki cesitli gtirtiltilii ortamlar
altinda performanst incelemek igcin dnerilmistir. Bu tasarimi
kullanarak, iletisimde kayipsiz veri elde etmek icin 7 hiicreli ve 9 hticreli
cogaltma korelasyon modeli uygulanmaktadir. Darbe tipi iletisim
sistemlerinde sistemin gelismis performansini gdsteren sonuglar
tiretilmistir.

Anahtar kelimeler: BPSK, Gauss, Replika, Korolasyon, iletisim,
Sinyal isleme.

1 Introduction

In this work, the bit detection process has been analyzed over
AWGN channel by using the pulse-coded detection model under
varied noisy environments. Quality of data transmission is an
important concern in communications systems with lossless
data transmission. Several approaches have been attempted
[1]-[4] in the past for reaching better performances in
communications. Designed models with hardware controlled
and software-controlled replica correlation detection have
been reported [3]-[8]. In addition, replica correlation methods
are generally used in radar and sonar systems and as well as in
data communication systems. Specifically, a detector based on
replica correlation was shown to result in an increase in SNR
[9]-[14]. SDS (software-defined system) has been designed to
increase the flexibility features of the system. The SDS is being
reduced the complexity of the hardware wiring and the cost of
the system. In hardware, the designer should design a new
optimized circuit that will provide the processing required at
the lowest possible power consumption [15],[16]. As a further
attempt, SDS can be used as software in communication
physical layers. For improving the design considerations of
applying the replica correlation in communication systems a
new model is designed. Performance of the system is analysed
to get better performance and accurate data in communication
systems over AWGN channel which is reported here.

*Corresponding author/Yazisilan Yazar

1.1 BPSK the Binary phase shift keying Modulation

In BPSK the phase of a carrier is changed between two values.
in accordance with the binary signal level. The information
about the bit stream is contained in the phase changes of the
transmitted signal. For instance, the levels are denoted to
transmit the signals “0” and ”1”. The symbol-mapping table
encodes bits (bn) 1 and 0 to transmission symbols (an) 1 and
-1, respectively. The nature of the continuous wave (CW) signal,
which is BPSK keyed and transmitted according to cell pattern
is presented in Figure 1.
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Figure 1. CW Waveform in RC(7)cell pulse packet.
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In every Tb seconds the modulator transmits one of the two
carrier bursts that corresponds to the information bit being a
1 or 0. Multiplying a sinusoid by negative one is the same as
inverting it [16],[17]. This leads to the possibility of
implementing BPSK using the basic hardware configuration
shown in Figure 2. BPSK BER is calculated by equation (1) and
is experimented in AWGN channel [15].
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Figure 2. Basic hardware configuration.

1.2 Replica correlation (RC) detection process

In order to explain our proposal, here is the definition of a
known replica correlation process. Replica correlation
technique is used in signal detection process for improving the
probability of detection. This technique involves in using
binary phase shift keyed signal as a packet combined in the
duration of the on-going pulse. For simplicity in illustration, a
7-cell pattern is considered here. The phase shift pattern
grasped for 7-cells packet is {-1 +1 -1 -1 +1 +1 +1} where +1
indicates in phase and -1 indicates out phase incurring a phase
shift of 180°. Figure 3 shows the pattern of phase shift keyed
signal [18] present during the pulsing period.
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Figure 3. Replica Correlation Coded binary phase shift keying;
7AT-Cell period.

Samples of received signal pass to a digital delay line [5] with
taps located at seven regular intervals. Inversion of analogue
signals at taps 4, 5 and 7 takes place to boost the analogue
signal. This is presented in the reverse order {- + - - + + +} of the
transmitted pattern. When the incoming signal reaches the last
cell, at the instant of traversing it, the signal is boosted up
7 times of the original amplitude. Figure 4 shows replica-
correlated output. Also, Figure 5 illustrates that the other
optimal cell pattern which has 9 cells {+ + + - - + + - +} [4]. Cells’
voltage is calculated by (2). 9-cells voltages Kiare {-1, 0, -1, 0,
-1, 0, 3, 0, 9}. The target is detected by comparing the signal
amplitude with an appropriate threshold.
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Figure 4. RC(7) cells replica correlated output.
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Figure 5. Optimal RC(9) cells pattern replica correlation.

2 Process model function

2.1 Usingreplica correlation in data transmission

Time duration of each bit is known. In this bit duration, we
incorporate the 7-cells pattern for performing replica
correlation. (1011000) (1: - out phase; 0: + in phase). Here,
applying replica correlation to digital data bits is detailed out.
The 7-cell pattern of replica correlation is applied to the
system’s physical layer for determining the bits. Figure 6
illustrates how to apply RC pulse coded model [3] to original
signal. Figure 7 shows hardware scheme for applying RC and
recovering of signal after RC detection.
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Figure 6. Applying replica correlation (RC) pulse code for
channel.
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Figure 7. Replica correlation (RC) pulse code block scheme.

Herein, the RC Encoder generates BPSK signal for data bit. After
BPSK signal data, if the data bit is 1, 7-cells replica correlation
pattern is produced for it. Then after carrier modulation the
transmitter sends data to destination receiver. When the
receiver gets pulses, replica demodulator converts the received
pulses to be ready for RC detection. Finally, RC decoder gets the
bits to produce the lossless output data.
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3 Result and simulation

3.1 AWGN channel design

In this study, custom AWGN noise is developed by using python
programming language, which is a good programming
language. It has many useful libraries to develop applications
[19]. Our custom function to add AWGN noise to BPSK replica
correlated signal is being explained. The AWGN function design
involves in four sequence operations called as steps. In step
1, calculation of the power in the vector x is done. In step
2 conversion of SNRg,value to linear scale SNRy;, is
performed.

L-1
1
By =1 Y Ix[il?|; where L = length(x) (3)
i=0
Es
SNR,. *randn (1,L)
. if xisreal. 4)

Es

SNRlin

* [randn (1,L) + j * randn(1,L)]

if xis complex.

In step 3 we find the noise vector using equation (4). Finally, in
step 4 noise vector is added to the BPSK signal x as in equation

(5) [20].
y = x + noise (5

Figure 8 gives actual codes of the AWGN noise generator
function and Figure 9 shows the output of the custom AWGN
function with the sawtooth waveform in python. The function
is benchmarked with matlab built-in AWGN function which is
shown in Figure 10.

def add_awgn_noise(xN,SNR dB):
nn = 0;
z=1j
L = len(xN)
SNR = pow(10,SNR_dB/16) ;
Esyn = np.sun(pow(np.abs (xN),2))/(L);
NO = Esym/SNR;
if (np.isreal(xN).all):
noiseSigma = np.sqrt(N);
nn = noiseSigma * (scipy.randn(1,L));
else:
noiseSigma = np.sqrt(NO); # standart deviation for AWGN Noise
nn = noiseSigma * (scipy.randn(1,L) + 2z * scipy.randn(1,L)); 4
y = xN + nn;
print ('SNR:',SNR,' , Esym:',Esym,’ , NO: ',NO)

return y signal

Figure 8. Custom AWGN function in python.
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Figure 9. Sawtooth waveform with custom AWGN noise
function in python SNR4b= 5.
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Figure 10. Sawtooth waveform with Matlab built-in AWGN
noise function SNRab = 5.

3.2 Performance analysis

The probability of detection depends on the probability of false
alarm and the signal to noise ratio [7] of received signal.
Moreover, the level of the received signal plus noise depends on
the number of cells n present in the transmitted pulse packet.
The relationship between the probability of detection and
result is almost linear.

3.3 Detection process

The threshold process function is calculated with equation (6)
and equation (7) for symbol detection. Absolute values of C;
(Cell) signal is divided by N — 1. Total of all values is the
threshold value of symbol 0. The absolute value of the last cell
signal is divided by the number of cells (N) to find the symbol 1
threshold value. Therefore, detecting the desired bit on a
threshold would be easy [21],[22]. The symbol decision process
is doing with the comparison of the two threshold values. Then,
whichever has the maximum threshold, it is selected.

N-1
Threshold, = Z 1G] (6)
T LN-1
i=0
Threshold, = |Cy |/N (7)

The detection process selection is shown in Figure 11. The
following performances are estimated based on random
generated bits data.
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Figure 11. Symbol analysis of RC threshold detection.

3.4 Performance analysis under noisy environment

The performance analyzer software is written by python
programming language and matlab. Figure 12 shows that
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theoretical bit error rates. The software simulation has
provisions to add different levels of noise and assess the
performance of replica correlation method.

N BPSK transmission over AWGN noise .
10 o theoritical calculation for BER

Bit Error Rate (BER)

-10 -QS o
Signal-to-Noise Ratio (SNR)

Figure 12. Theoretical BPSK modulation over AWGN channel
by using monte-carlo simulation in matlab.

Figures 13 to 15 illustrate the performance and BER (Bit Error
Rate) estimation under noisy environment for 7-cells pattern
replica correlation. Varied SNR;;, adds additive white gaussian
noise to original signal and performance is evaluated [23]-[26].
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Figure 13. RC(7) cells and RC(9) patterns and BPSK
modulation over AWGN channel using Replica correlator.
Simulated with 4000 bits.
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Figure 14. RC(7) cells and RC(9) patterns and BPSK
modulation over AWGN channel using Replica correlator.
Simulated with 10000 bits.
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Figure 15. BPSK modulation comparison with RC(7) and RC(9)
pattern BER analysis.

In the evaluation process correlation is applied into channel
and the bits are transmitted to receiver. Improvement of the
probability of detection is estimated with our evaluation as
proved by test results. The simulated bits are increased in steps
at levels of 4000 and 10000 bits using RC(7) cells pattern and
RC(9) cells pattern. Then the results obtained are shown in the
Figure 13 and Figure 14. The proposed model shows much
lower bit loss error compared to previous results. This proves
clearly that our system works well under the noisy
environments.

Furthermore, the test is extended with 9-cells RC pattern. For
this test the bits size is kept at 4000 and 10000. The SNRab is
ranging from -20 to +10. Figure 18 and Figure 19 show the test
results and proves better performance.

BER analysis of patterns and comparisons has been evaluated.
Figure 20 illustrates the comparison of BER analysis of BPSK,
Replica correlation RC(7) and RC(9) coded signals in AWGN
channel bit error rates.

4 Conclusion

An analysis of simulation results reported here shows better
performance by using replica correlation in pulse type
communication systems. Transmitted bits are received with
less data bit errors. The 7-cell pattern would be useful in all
works involving replica correlation as it is simple and easy to
use. The bits lost in data transmission over AWGN channel
using RC method, for different transmitted bits size on varied
SNR values is shown to be less. Moreover, the bit loss in the
BPSK modulation system tested by other RC(9) cells pattern for
varied SNR in AWGN channels is shown to be a bit less. As a
result, transmission with more cells pattern yields relatively
better performance. Therefore, different pulse type systems
working under varied noisy environments can use RC for
improving probability of bit detection. The simulation program
results presented here ensures the applicability of the
technique in various bit transmission systems. The RC model
accommodates readily to various data communication systems
for getting more accurate data transmission over noisy
channels.
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