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Abstract- Modems, in the beginning, were used mainly to 
communicate between data terminals and a host computer. Later, 
the use of modems was extended to communicate between end 
computers. This required more speed and the data rates increased 
from 300 bps in early days to 28.8bps today. Today, transmission 
involves data compression techniques which increase the rates, 
error detection and error correction for more reliability.  
This research includes the design, implementation and simulation 
of a transmitter, a receiver of a BPSK based system. We 
implement a BPSK modem and BER measurement with an 
AWGN channel. We detect and count Error by this modem. With 
increasing SNR we reduce BER by the BPSK Modem. 
 
Index Terms- AWGN Channel, BER Measurement, BPSK, 
SNR, White Noise.  
 

I. INTRODUCTION 
his experiment is based on an elementary transmitter and 
receiver design which implements binary phase shift keying 

(BPSK) as the modulation scheme for transmitting data across a 
wire. 
The data is generated in the transmitter and detected in the 
receiver. 
To vary the signal to noise ratio at the receiver we add artificial 
noise using a random voltage generator prior to the receiver. 
Objectives: 

• To gain familiarity with the components of a    simple 
data transmission system. 

• To gain experience in constructing an experimental 
communication system and determine its performance 
in white noise. 

• To calculate Bit Error Rate. 
• To reduce Bit Error Rate. 

II. BASIC BPSK COMMUNICATION SYSTEM 
For constructing a BPSK modem we need a Transmitter, a 
Receiver, Error detector and counter. 
We also add a white noise generator with this system because our 
main goal is detect error when receiver receives noisy data from 
baseband transmitter. Figure 1 depicts a simplified block diagram 
of a baseband transmission system. 

 
 
 
 
 
 
 
 
 
 

Figure 1: Simplified Transceiver Structure 
 

The system components will be briefly described here. 
Generating the data signal: The message generator provides a 
sequence of binary pulses which are then converted into 
antipodal pulses to give the transmitted signal. The data rate is 
determined by the clock, which drives the pseudo-random 
message generator. 
The Channel: The channel is simulated by the addition of the 
white Gaussian noise to the signal. The noise has a bandwidth of 
Ѡ Hz which is greater than the bandwidth of the filter in the 
receiver. 
The Receiver: The receiver consists of a filter , which is 
matched to the transmitted signal, followed with a comparator, 
which is just a two-state device giving an output voltage of V 
volts if the input is greater than zero and an output of 0 volts if 
the input is a negative voltage. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2: Baseband Transceiver Signal 

T 
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Under high signal to noise ratio (SNR) values, the comparator 
will generate the correct data sequence with very small 
probability of error, although the data transmissions are likely to 
be displaced slightly from their true positions.  
To determine the probability of error, the data sequence at the 
comparator output is compared with the transmitted data 
sequence. The comparison is made by the error detector, which 
gives an output pulse for every bit error that occurs. These error 
pulses are counted over a known time period and the probability 
of bit error is determined for various SNR values. The SNR 
values are measured at the input to the detector’s filter. Note 
from figure 2 that sampling of the detector filter output 
effectively occurs in the error detector, where an error is defined 
to occur if the received data has a different polarity to the 
transmitted data during the period of each sampling pulse. 
The sampling pulses are aligned in time with the peak signal 
output from the detector filter and for simplicity are derived 
directly from the transmitter clock in this laboratory. 
The operation of the error detector is shown in Figure 3, which 
shows the waveforms in the presence of severe noise, with errors 
occurring. 
 

 
 
           Figure 3: Detector with noisy output 
 
The BPSK Modem:  
The Transmitter’s Components: This is where we generate the 
baseband signal and convert it to a modulated band pass one. 
Data Sequence Generator: A TTL or CMOS logic shift register 
could be used as a pseudo-random sequence message generator. 
In this particular experiment we will utilize the clock pulse to 
generate a sequence of repetitive ones and zeros, i.e. 
10101010……….. 
First, the clock used in this experiment is devised using an 
NE555 timer circuit. 
By choosing resistor values of 1KΩ and 47KΩ and capacitor 
value of 0.01µF, the circuit produces a square waveform. 
To generate the message signal of 10101010…………….we feed 
the clock pulse into a 2n frequency divider circuit implemented 
using a combination of D-type bistables. The frequency divider 
circuit is implemented using the SN74LS74 integrated circuit.  
This particular circuit divides the frequency of the clock signal 
into four, in other words, it increases the symbol duration by four 
times the original clock pulse. 
Sinusoidal Waveform Generator: The sinusoidal signal is 
required to modulate the square waveform. This usually 
generated using specially designed oscillators. In this particular 

experiment we will use a low pass filter circuit to produce a 
sinusoidal waveform from the correct signal.  
To achieve this we use an 2nd order Butterworth Lowpass filter. 
This filter is constructed using the LM741 operational amplifier 
IC. The transfer function of this filter is given as: 
                                                 

 
  
Where the cut-off frequency at 3dB is, 
                                                               

    
By choosing a resistor value of 10KΩ and a capacitor value of 
4.7nF a cut-off frequency of fc will be obtained. 
Note that, to obtain a smooth sinusoidal waveform, a second 
Butterworth filter is needed. Construct and add this second filter 
in series with the first one. 
BPSK Modulation Stage: To modulate the phase of the 
sinusoidal waveform using the message signal ( signal at the 
output of the frequency divider), we use an analogue switch 
(DG211 integrated circuit) which has the sinusoidal signal 
generated in signal generator at one of its inputs and an inverted 
copy (1800 shifted copy) of this signal at its second input. The 
message signal is connected to a third input and used to control 
the analogue switch which produces a 00 shifted sinusoid when 
the message signal is high and a 1800 shifted sinusoid when the 
message signal is low. 
Before connecting the sinusoidal signal to the analogue switch, 
we remove the DC component of that signal to convert it to a 
non-return to zero sinusoid. To do this, we pass the signal 
through a simple RC high pass filter. To generate a 1800 shifted 
copy of this sinusoid, we pass this signal into an operational 
amplifier inverter circuit. To produce the BPSK modulated 
signal, we take both outputs from the analogue switch circuits 
and connect them to an op-amp adder circuit implemented by the 
LM741 IC. 
Note: the analogue switch circuit used contains four switches, 
some of which used for modulation and some at the receiver. 
Note: the inverter and adder op-amp circuits are designed to both 
have a gain of 1 
The channel: White Noise Adder The simplest kind of channels 
available is the memory-less additive white Gaussian noise 
(AWGN) channels.  
Additive white Gaussian noise (AWGN) is a channel model in 
which the only impairment to communication is a linear addition 
of wideband or white noise with a constant spectral density 
(expressed as watts per hertz of bandwidth) and a Gaussian 
distribution of amplitude. The model does not account for fading, 
frequency selectivity, interference, nonlinearity or dispersion. 
However, it produces simple and tractable mathematical models 
which are useful for gaining insight into the underlying behavior 
of a system before these other phenomena are considered. 
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Wideband Gaussian noise comes from many natural sources, 
such as the thermal vibrations of atoms in conductors (referred to 
as thermal noise or Johnson-Nyquist noise), shot noise, black 
body radiation from the earth and other warm objects, and from 
celestial sources such as the Sun. 
The AWGN channel is a good model for many satellite and deep 
space communication links. It is not a good model for most 
terrestrial links because of multipath, terrain blocking, 
interference, etc. However, for terrestrial path modeling, AWGN 
is commonly used to simulate background noise of the channel 
under study, in addition to multipath, terrain blocking, 
interference, ground clutter and self-interference that modern 
radio systems encounter in terrestrial operation. 
To test our BPSK modem is such channels we use a Gaussian 
Noise Generator to produce a wideband signal with randomly 
varying waveform.  
This noise signal is added onto the BPSK modulated signal using 
an op-amp adder circuit with a gain of 1. 
The Receiver’s Components:  
This is where we detect the modulated band pass signal and 
demodulated it back to baseband to detect the information 
transmitted and count the symbol error rate of the system under a 
variety of different signal to noise power ratio (SNR). 
RC Low pass filter:  
The first stage of the receiver then is to pass the BPSK noisy 
signal through a low pass filter. In this experiment, we use an RC 
filter with a cut-off frequency equivalent to the transmitted 
signal’s frequency. 
The Correlator:  
The correlator circuit consists of two stages, an analogue 
multiplier and an op-amp based integrator circuit. The multiplier 
used as the AD633 IC which has at its inputs both the received 
signal from the RC low pass filter and the original sinusoidal 
signal generated or its 1800 inverted image from previous 
section. The output signal from this multiplier is then passed into 
the integrator circuit which is re-set to zero at the beginning of 
every symbol. The resetting of the integrator is performed using 
the fourth switch in the analogue switch circuit. This switch is 
left is triggered to close by the pulses delayed to occur at the 
positive edge and negative edge of every half cycle. The switch 
remains open during the integration of the remainder of the half 
cycle. 
Synchronization (sampling and reset pulses generation): 
In order to be able to compare both the transmitted signal and the 
detected one, it is highly important to synchronize both signals 
using the correct sampling and reset pulses. In this experiment 
the two types of pulses are generated from the reference data 
provided by the frequency divider. To generate all the required 
pulses, three “retriggerable monostable multivibrators” are 
needed. These can be built using the SN74121 IC circuit. 
By connecting the monostables as shown in the receiver’s circuit, 
the error detector’s sampling pulse of width 0.125ms can be 
obtained from the second monostable. This pulse is generated 
every half cycle of the reference data which would correspond to 
the moment when the integrator reaches the most positive (or 
negative depending on which symbol is being detected) peak 
voltage. The reset pulse of width 0.08ms (for the analogue switch 

connected to the integrator circuit of the correlator) can be 
obtained from the third monostable. This pulse is generated at the 
beginning of every half cycle to reset the integrator to zero. 
The Comparator Circuit:  
The comparator circuit is designed using an op-amp circuit using 
the LM311 integrated circuit. This circuit produces an output 
voltage of 5 volts when it receives a positive input and zero volts 
when it receives a negative input. This results in regenerating the 
original baseband signal.   
The Error Detector:  
This circuit performs a comparison between the signal at the 
output of the comparator and a delayed copy of the original 
signal from the frequency divider. It must be noted that this 
comparison only takes place during the sampling pulse only. If 
the reference data and the received data have different polarities 
during the sampling pulse this will produces an error pulse. The 
error detector is designed using two logic circuits which include 
an XOR gate DM74LS86 and NAND gate SN7400 ICs. Two 
monostables, SN7421 ICs, are also used here to generate the 
delayed version of the reference data. Connecting the 
monostables as shown in the receiver figure produces an x ms 
long delayed version of the original data signal at the output of 
the second monostable. This signal and the received copy from 
the comparator are connected to the XOR circuit which will only 
produce a high voltage when the two inputs are different. The 
output from the XOR is connected to the input of the first NAND 
gate which also has the sampling pulse connected to its other 
input. The NAND gate will produce zero voltage at its output 
only if both inputs are high. The output of this NAND gate is 
applied to the input of the second NAND gate in the same IC 
circuit along with a voltage of 5 volts on its second input. If the 
output of the second NAN gate is high it indicates there is an 
error otherwise there is no error. This output is connected to the 
counter to determine the error rate over a certain signal to noise 
ratio (SNR).  
 

• Measure the bit error rate (BER) for different SNR 
values, where 

 
 

• Compare the measured BER with the theoretically 
estimated one using: 

BERtheoretical = 0.5 erfc( )  

 
 
 

III. DESIGN AND IMPLEMENTATION 

 Tools and Components: Transmitter: Clock IC NE555, 
Frequency Divider IC DM74LS74, Op-Amp Inverter IC LM74, 
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Analogue Switch IC DG211, Low pass,  Butterworth filter IC 
LM741, Op-Amp Adder IC LM741, Additive white Gaussian 
noise (AWGN) generator, High pass, filter, Low pass filter, 
Resistors, Capacitors, Power source, Breadboard, Oscilloscope . 
Receiver: Low pass filter, Frequency Divider IC 7474, 
Monostable IC SN74121, Analogue Switch IC DG211,  
Analogue Multiplier IC AD633, Op-Amp Integrator IC LM311, 
Error Detector, XOR Gate IC DM74LS86, NAND Gate IC, 
SN7400, Resistors, Capacitors, Power source, Breadboard, 
Oscilloscope. 
Design of Transmitter and Receiver: 
Transmitter 

• Arrange all the components needed for the transmitter 
circuit. 

• Connect the circuit properly showed in figure 4. 
• Connect the circuit with a 5V DC power supply. 
• Use the oscilloscope to observe Transmitter output 

signal showed in figure 2. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

     Figure 4: the Transmitter’s circuit diagram 
Receiver 

• Arrange all of component needed for receiver circuit 
• Connect the circuit properly showed in figure 5. 
• Connect the circuit with power supply. 
• Connect the output of transmitter to the input of the 

receiver. 
• Use the oscilloscope to observe the output showed in 

figure 3. 

 
 
 
 
 
 
 
 
 
 
 

        Figure 5: The Receiver’s Circuit Diagram 

IV. SIMULATION 
For simulations we have used MATLAB for BPSK Modem BER 
measurement with AWGN channel and reduce the error rate. 
BPSK Modulation and Demodulation: 
Using MATLAB we design BPSK modem modular and 
demodular. Collect all parameters from MATLAB library and 
produce a module like following figure 

 
Figure 6: the BPSK Modem Modulation and Demodulation 

 
The Transmitter output and The Receiver output of BPSK 
modem shown in figure below 

 
Figure 7: Modulated and Demodulated signal curve 

 
Bit Error Rate calculation: 
For BER (Bit Error Rate) calculation we design BPSK modem 
with AWGN channel. 
For design this system we need Binary Symmetric Channel 
block, BPSK Modulator Baseband block, AWGN Channel block, 
BPSK Demodulator Baseband block, Error Rate Calculation 
block and a Display block. 
The combination of system parameters from MATLAB library 
Shown in figure below: 
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Figure 8: the BPSK Modem with AWGN 

 
System Parameter 1: 
             Probability of a zero=0.5 
              Initial seed=61 
              Sample time=1 
              Output data type=Double 
              Receive delay=0 
              Computation delay=0 
              Target number of errors=100 
              Maximum number of symbols=1e6 
Result: 
The bit error rate=0.01162 
The number of errors=100 
The total number of bits that are transmitted=8604 

 
Figure 9: BER measurements with probability 0.5 

 
System Parameter 2 
Error probability=0.01 
Line seed=2137 
SNR 4.2 
Result: 
The bit error rate=0.01184 
The number of errors=100 
The total number of bits that are transmitted=8447 

 

Figure 10: BER measurement when error probability 0.01 
System Parameter 3 
Error probability=0.01 
Line seed=10 
SNR 4.2 
Result: 
The bit error rate=0.01183 
The number of errors=100 
The total number of bits that are transmitted=8454 

 
Figure 11: BER measurements with changed Line seed 

 
System Parameter 4 
Error probability=0.01 
Line seed=10 
 SNR=7 
Result: 
The bit error rate=0.0007574 
The number of errors=100 
The total number of bits that are transmitted=1.32e+005 

 
Figure 12: BER measurements with changed SNR 

 
System Parameter 5 
Error probability=0.01 
Line seed=10 
 SNR=3 
 
Result: 
The bit error rate=0.02217 
The number of errors=100 
The total number of bits that are transmitted=4511 

 
We also measure Bit Error Rate (BER) using MATLAB code. 
Figure 13 depicts the curve BER Vs Signal to noise ratio 
(Eb/No). Where the signal to noise ratio denoted by dB form. 
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Figure 13: BER Vs Eb\No using BPSK in AWGN Channel 

 
Reduction of the Error Rate Using Cyclic Code: In coding 
theory, cyclic codes are linear block error-correcting codes that 
have convenient algebraic structures for efficient error detection 
and correction. 
The Binary Cyclic Encoder block creates a systematic cyclic 
code with message length K and codeword length N. The number 
N must have the form 2M-1, where M is an integer greater than 
or equal to 3. 
This block accepts a column vector input signal containing K 
elements. The output signal is a column vector containing N 
elements. 
The Binary Cyclic Decoder block recovers a message vector 
from a codeword vector of a binary systematic cyclic code. For 
proper decoding, the parameter values in this block should match 
those in the corresponding Binary Cyclic Encoder block. 
If the cyclic code has message length K and codeword length N, 
then N must have the form 2M-1 for some integer M greater than 
or equal to 3. 
This block accepts a column vector input signal containing N 
elements. The output signal is a column vector containing K 
elements. 
Here   by adding channel coding reduction of error rate has been 
done in the model shown in the figure 14 BPSK Modulation 
Model, for certain noise levels.  
To design this system here we have used Binary Symmetric 
Channel block, Binary Cyclic Encoder, BPSK Modulator 
Baseband block, AWGN Channel block, BPSK Demodulator 
Baseband block, Binary Cyclic Decoder, Error Rate Calculation 
block and a Display block. 
Wide window model and connections between the blocks have 
been shown in the following figure. 

 

Figure 14: Reduction of error rate of BPSK modem 
Calculation 
Simulation Parameters: 
Bernoulli Binary Generator: 
                            Probability of a zero = 0.01 
               Samples per frame =21                          
Binary Cyclic Encoder and decoder: 
             Codeword length N = 31. 
             Message length K = 21. 
AWGN channel 
               Mode = Signal to Noise Ratio (Eb/No) = 7+10*log10 
(21/31) 
              Symbol period = 21/31 
Error-Rate Calculation 
               Maximum number of symbols 1e7 
Results:  
The bit error rate=8.025e-005 
The number of errors=103 
The total number of bits that are transmitted=1.284e+006 

 
 
Figure 15: Reduction of error rate of BPSK modem in AWGN 
channel 
 

V. CONCLUSION AND FUTURE WORK 
In this study, the performance of the BPSK modem is to detect 
error at different data rates. It also counts the BER (Bit Error 
Rate) at different signal to noise ratios: 

• It is observed that when Transmitted data is 8604bps 
then the BER is 0.01162 and total error is 100. In this 
section Signal to noise ratio is 4.2dB. 

• It is observed that when Transmitted data is 
1.32e+005bps then the BER is 0.0007574. In this 
section Signal to noise ratio is 7dB. 

• Finally it is observed that with increasing Signal to 
Noise Ratio decreasing Bit Error Rate (BER). 

• In this project, The BPSK modem also reduce error rate 
using cyclic code. 

• It is observed that the total number of bits is 
transmitted is1.284e+006bps then the Bit Error Rate is 
only 8.025e-005 and the total number of error is 103. 
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Following are the areas of future study which can be 
considered for further research work.  

• This research can be easily implemented as a Satellite 
Modem. A satellite modem or sat modem is a modem 
used to establish data transfers using a 
communications satellite as a relay. The main 
functions of a satellite modem are modulation and 
demodulation. Satellite communication standards also 
define error correction codes and framing formats. 
These functions are easily designed by BPSK. 

 
• We can use this modem where we need data 

transmission and detect error. 
 

• We can also use this modem to reduce the Bit Error 
Rate in data communication. 
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