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Abstract— The objective of project is a Bit Error Rate 

(BER) analysis and Multiple Access Interference (MAI) 

cancellation in AWGN and Rayleigh fading channels for 

Code Division Multiple Access (CDMA) communication 

systems using Adaptive linear neuron model(ADALINE) 

and MMSE Equalizer. The BER and SNR are the main 

performance parameter was chosen for simulation. The test 

performances are analyzed by simulating a CDMA 

communication system with QPSK modulation and 

demodulation. The present technology advancement in 

cellular mobile communication systems has become more 

demanding for better quality of service. It requires wide 

bandwidth for huge quanta of data transfer. CDMA 

communication system easily meets these requirements of 

cellular communications. In CDMA communication 

environment the channel is time varying. This characteristic 

feature of the channel leads to a phenomenon called Fading. 

Fading channels induce rapid amplitude fluctuations in the 

received signal. If they are not compensated for then this 

will lead to serious performance degradation. The functional 

performance is tested by carrying out simulations using 

MATLAB® platform 7.10 version. The simulated results 

subsequently have shown quite improved and optimized 

performance. 
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I. INTRODUCTION 

The problem formulation of project is the CDMA suffer 

from multiple access interference. This problem can be 

reduced by using a Adaptive Linear Neuron 

Network(ADALINE) and MMSE Equalizer. 

 Wireless communication has developed into an 

integral part of the modern time communication systems. 

Many new innovative scopes are added every day by the 

researcher to the models of wireless communication systems 

to develop robustness and performance in order to provide 

better quality of service to its users. Another significant 

characteristic of modern time communication systems is 

digitization. The digitization provides better immunity 

against interference in channel apart from many more 

advantages. The CDMA communication system has all the 

characteristics and capabilities to take on challenges of high 

quality demanding and ever increasing modern time wireless 

communications needs. 

 The CDMA system is one of the best examples in 

digital communication system, which has many advantages. 

Due to inherent property of better noise immunity and other 

advantages, the signal processing for communication 

systems is performed in modern times almost entirely in 

digital domain which requires high throughput. It requires 

an efficient design and testing of its subsystems of ML -

sequence generator, spectrum spreading and de-spreading 

digital circuits and digital modulator and demodulator 

modules which give high throughput. Keeping high 

processing speed is another big challenge for developing 

such a system. 

 The choice of CDMA is based on the fact that 

allocating channel resources using spread spectrum 

techniques have number of advantages compared to 

Frequency Division Multiple Access (FDMA) or Time 

Division Multiple Access (TDMA) schemes. A cellular 

communication system in which the bandwidth is shared by 

all subscribers, each with a different spreading code is called 

Code Division Multiple Access (CDMA) system. In other 

words, a large number of subscribers share a common pool 

of radio channels and any subscriber can get connection to 

any channel. Different types of cellular systems employ 

various schemes to achieve the multiple access. The 

traditional analog cellular systems use Frequency Division 

Multiple Access (FDMA) and Time Division Multiple 

Access (TDMA). TDMA and FDMA systems divides each 

carrier into time slots and frequency slots (channels) and 

then only one subscriber at a time is assigned to each time 

slot or channel respectively. 

 The CDMA is based on principles of spread 

spectrum technique. A Spread spectrum technique spreads 

the bandwidth of the data to be transmitted by using pseudo-

random codes. The spread sequence is obtained by 

performing different type of logical operations between 

actual data input and pseudo-random codes in a 

predetermined procedure. Logical operation may be as 

simple as bitwise XOR. CDMA allows many transmitters to 

transmit simultaneously over the same channel. In other 

words, several users simultaneously share the same 

bandwidth by way of multiplexing. In CDMA system, 

however, the modulated spread sequence has much higher 

data bandwidth than the actual data has. 

 In the analysis of communication systems the 

classical additive white Gaussian noise (AWGN) channel, 

with statistically independent Gaussian noise samples 

corrupting data samples free of inter symbol interference 

(ISI), it is the usual starting point for understanding basic 

performance relationships. The primary source of 

performance degradation is thermal noise generated in the 

receiver. The external interference received by the antenna 

is significant than thermal noise. The external interference 

can sometimes be characterized as having a broadband 

spectrum and is quantified by a parameter called antenna 

temperature. The thermal noise usually has a flat power 

spectral density over the signal band and a zero-mean 

Gaussian voltage probability density function (PDF) The 

signal propagation takes place in the atmosphere and near 

the ground, the free space propagation model is inadequate 
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to describe the channel and predict system performance. In a 

wireless mobile communication system, a signal can travel 

from transmitter to receiver over multiple reflective paths; 

this phenomenon is referred to as multipath propagation. 

The effect can cause fluctuations in the received signal’s 

amplitude, phase, and angle of arrival, giving rise to the 

terminology multipath fading. Another name, scintillation is 

used to describe the multipath fading caused by physical 

changes in the propagating medium, such as variations in 

the density of ions in the ionosphere layers that reflect high-

frequency (HF) radio signals. Fading and scintillation refer 

to a signal’s random fluctuations or fading due to multipath 

propagation. The main difference is that scintillation 

involves mechanisms (e.g., ions) that are much smaller than 

a wavelength. The end-to-end modeling and design of 

systems that mitigate the effects of fading are usually more 

challenging than those whose sole. 

II. MULTIPLE ACCESS INTERFERENCE IN CDMA 

The fundamental issues of MAI is based on the fact that in 

CDMA communication system a number of subscribers use 

same frequency and bandwidth separated at receiver only 

due to presence of different spreading codes [1]. This 

implies that in CDMA, a number of transmitters are allowed 

to transmit simultaneously on the same channel, resulting in 

sharing of bandwidth by many subscribers. This is called 

multiple accesses. CDMA system of communication 

operates just fine under ideal conditions of orthogonal and 

synchronised codes of all users. It, however, suffers under 

real time non-ideal conditions which are presence during 

most of the practical implementation and subsequently while 

the system being in operation. Due to non-ideal 

orthogonality and difficulty in maintaining synchronization 

at receiver, each subscriber of the system gets interference 

from many other subscribers attempting multiple accesses. 

Channel delays and frequency offset also add the 

interference amount. The amount of interference may vary 

from an insignificant level at times to very serious levels 

affecting the quality of the received communications 

adversely [2]. The interference due to multiple accesses is 

called MAI. It causes undesirable effects and may be grossly 

intolerable in asynchronous communications which 

normally prevails in reverse link. The mobile node located 

close to the base station can cause lot of interference to the 

mobile nodes located at a distance resulting in path loss. A 

large number of mobile nodes may get blocked if the power 

level of near mobile nodes is not managed properly. This 

problem is well known as near-far effect. A well designed 

power controlling strategy is required to equalise power 

level of the received signal at various mobile nodes [1]. The 

CDMA communication system capacity is primarily limited 

by the amount of the MAI presence [3]. The CDMA, 

however, has higher capacity in comparison to other 

systems, since it reuses frequency and has variable rate of 

transmission. Its practical and real time implementation 

capacity achieved is much lower than the maximum 

theoretical achievable capacity [4]. Communication industry 

still lags in employing more efficient multiuser detection 

receivers to increase the capacity. Multiuser detection 

receivers are normally more complex and lack robustness. 

To overcome these issues, a good amount of research has 

been reported by various literatures on interference 

cancellation and adaptive filtering techniques. The first 

method for interference cancellation reported in literature is 

based on the use of smart antenna system which is built with 

capability of digital signal processing. Basically, many 

artificial intelligence based algorithms are used to convert 

traditional antenna into smart antenna system, such as array 

antenna, beam forming antenna etc. The smart antenna 

system directs and controls radiation power towards only 

desired users and thus minimizes undesirable interference to 

other users. This paper has only scope of improved 

technique for successive interference cancellation based on 

smart algorithm with a goal of overall increasing the 

efficiency of CDMA communication system. 

III. BIT ERROR RATE (BER) 

Bit error rate is a key parameter is used in  radio data links, 

Ethernet , fibre optic data systems. When data is transmitted 

over a data link, there is a possibility of errors being 

introduced into the system. The integrity of the system is 

better compromised. As a result, BER assess overall 

performance of the system. BER assesses the full end to end 

performance of a system including the transmitter, receiver 

and the medium between the two. BER is defined as the rate 

at which errors occur in a transmission system. In simple 

form, 
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) =conditional error probability 

                ( ) = the pdf of the SNR 

IV. AWGN AND RAYLEIGH FADING CHANNELS 

Additive White Gaussian Noise Channel The simplest type 

of channel is the Gaussian channel. It is often referred to the 

additive white Gaussian noise (AWGN) channel. Basically 

the AWGN is the noise generated at receiver side if 

transmitter is assume to be ideal and noiseless. This type of 

noise is assumed to have a constant power spectral density 

over the whole channel bandwidth and its amplitude 

probability density function (PDF) obeys the statistics of a 

Gaussian distribution. 

 In a mobile radio communication system, one of 

the most devastating phenomena is fading. Fading is the 

direct result of multi-path propagation where radio waves 

propagate along different paths before arriving at the 

receiver antenna. These radio waves may arrive at receiver 

after different delays, with different amplitudes, and with 

different phases. Because there are so many different 

received signal components, constructive and destructive 

interference results in fading. The Rayleigh distribution is 

given by 

 ( )  
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Where, σ= rms value of the received signal 

             = local average power of the received 

signal before detection 
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V. METHODOLOGY 

A typical block diagram of proposed system is illustrated in 

Fig 1. The digital data is first spread by means of PN 

sequence and then modulated using digital modulation 

schemes such as Quadrature Phase Shift Keying (QPSK) 

and RF carrier signal. 

 
Fig 1.Block diagram of proposed system 

The signal is then transmitted through channel where it may 

have noise attenuation and other distortions. A distorted 

signal is then received at receiver. At receiver the signal is 

first demodulated and then de-spreaded by using PN codes. 

After dispreading the received signals, the signals can be 

reconstructed, the multiple access intereference(MAI) can 

be reduced by applying  a reconstructed signals of users to 

the Adaptive Linear Neuron Network 

model(ADALINE).The output of ADALINE is reduced 

MAI, suppose if error is present after the  ADALINE, 

further that error can be reduced using a MMSE equalizer 

,finally the BER analysis was done . 

 QPSK has a scheme of self cancellation of inter-

carrier-interference, which makes it very robust against 

noise Pseudo Noise (PN) random code sequence is 

essentially a random sequence of binary numbers. Word 

'random' refers to the fact that a bit in the sequence is 

independent of any of the other bits. The word 'pseudo' 

refers to that the sequence is deterministic and after N 

elements it repeats itself. The code generator consists of 

essentially three elements – delay elements, linear 

combining elements and feedback loop element. 

VI. PROPOSED ALGORITHM FOR MAI CANCELLATION 

We have chosen a very particular type of neural network 

called adaptive linear neuron (ADALINE) model for 

improving BER. Adaline is a multiple layer neural network 

with multiple nodes where each node accepts multiple 

inputs and generates one output. 

Here the reconstructed signals from the many subscribers 

can be multiplied with weights, initially weights are 

assumed this can be summed and produces a system output. 

The error can be calculated by subtracting the sytem output 

from the target output if the difference is 1 error in the 

signal using LMS algorithm update the weights of the 

adaptive filter, if the difference is 0 there is no error in the 

signal. Weights of the filters are updated using the 

formula…6. 

 
Fig2.Architecture of ADALINE 

The ADALINE is very flexible technique commonly used in 

error cancellation, signal processing and control systems. 

The ADALINE is similar to perceptron except that its 

transfer function is linear and not based on the rigid logic. 

This indicated that the output of ADALINE can have any 

continuous value and not merely discrete 0 and 1 as is 

normally found in other cases. The least mean square (LMS) 

learning technique is chosen for ADALINE to make it more 

powerful. LMS also moves the decision boundaries beyond 

current knowledge acquired through training and thus it is 

adaptive to the present conditions. An adaptive linear 

system, as shown in Figure 2, has been designed and 

validated for the simulation tests using MATLAB. It has 

shown good response to the variations in the incoming 

signals from many users simultaneously. The weights of 

target vectors are updated at each step on the time scale in 

such a way that overall total mean square error is reduced to 

a minimum level. 

 An ADALINE is a particular artificial neural 

network based algorithm designed to be intelligent enough 

to self learn from its ambience conditions and adapts itself 

to a given model. A simple and representative architecture 

of ADALINE is illustrated in Figure 2. The network outputs 

are generated by a linear combination of inputs and constant 

terms. 

        ∑        
 
      ………3 

where    are inputs detected from users and    are weights 

of the input matrix. The output of the network is finally 

detected signal from kth user after subtracting all other user 

signals as computed by the algorithm. For the kth user, the 

error of an ADALINE network can be computed in as 

           ( ) 
             ……….4 

where tk is target output for kth user and e is an error. 

Differentiating equation (4) with respect to the weights wi, 

and using equation (3), gives- 

   

      
          ( )     ……..5 

To decrease ek, the weights matrix is to be updated in such a 

way that updated weight is computed using- 

                    ( )     ….6 

where η is learning rate and an arbitrary value can be 

assigned to it. This is very important property of self 

learning capability of ADALINE networks. It is linear, has 

distributed learning property or learning is local for each 

user signal and has online learning capability which means 
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weights are updated automatically after new inputs are 

available to the system. 

VII. FLOWCHART 

 

VIII. SIMULATION RESULTS 

The simulation of the model under study was carried out 

using a MATLAB application package. The simulation was 

carried out with QPSK modulation. The following 

parameters and system configurations were used. 

Modulation: QPSK  

Bandwidth of signal: 200 ns  

Noise: AWGN  

Bit rate  :64kbps 

Mobile speed: 90 km/h  

Fading type: Rayleigh fading 

 We obtained the simulation of BER performance versus 

Eb/No over AWGN channel and QPSK modulation using 

ADALINE as shown in fig.4.This can be compared with the 

BER performance analysis using trellis complexity.In this 

graph blue colour curve is the existing one and pink colour 

curve is the proposed one this curve is quite improved BER 

compared to existing system means bit error rate was 

reduced as compared to the existing as shown in fig.4 

 

Fig.4 BER simulation over AWGN and Rayleigh fading 

channel with QPSK using ADALINE 

 
Fig.5 BER analysis using MMSE 

Fig.5 shows the BER analysis using MMSE Equalizer over 

AWGN and Rayleigh fading channels. After performing a 

ADALANE operation using a LMS detection if any error or 

interference in the received signal this error can be reduced 

using a MMSE Equalizer as shown in Fig.5. In this graph 

the BER is quite improved means BER is reduced. Here also 

blue colour curve is the existing system and pink colour 

curve is proposed system for BER analysis as shown in Fig 

5. In both the graps the signal to noise ratio (Eb/No) is 

increased the bit error rate was reduced as shown in Fig.4 

and Fig.5 

IX. CONCLUSION AND FUTURE SCOPE 

In this project we have implemented that the analysis of 

optimized Bit Error Rate (BER) performance and Multiple 

Access Interferences (MAI) cancellation for Code Division 
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Multiple Access (CDMA) communication system using 

ADALINE Algorithm and MMSE Equalizer with 

Quadrature Phase Shift Keying (QPSK) modulation and 

demodulation over both Additive White Gaussian Noise 

(AWGN) and Rayleigh fading channels. Here we also 

studied about PN sequence (m-sequence) generation which 

is well suitable for telecommunication applications. The 

BER was reduced upto 12%. The simulation results of BER 

analysis and SNR over AWGN and Raleigh fading channels 

using QPSK modulation and demodulation can be obtained 

using a MATLAB 7.10 version. This result achieves quite 

improved and optimized performance. The future work may 

be concentrated towards improving performance by 

implementing systems on chip concept for COMA 

Communication Systems and validation may be done in 

respect of turbo codes which are forward error correcting 

codes and are based on concatenated recursive systematic 

convolution codes. One may look at the synchronization and 

interleaving modules for enhancing performance. 
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