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Abstract - A multi-layered perceptron neural network 
with backpropagation algorithm (MLPIBP) is realized as 
an equalizer for nonreturn-to-zero (NRZ) signal recovery 
in band-limited channels. It is applied as an adaptive filter 
to recover the NRZ signal. By computer simulations, the 
proposed design can recover 100 MHz NRZ data in 10 
MHz channel. 

1. INTRODUCTION 
Digital Communications use binary symbols or impulse 

symbols to transform signal. When symbol rate is higher then 
the channel bandwidth, the received signal will elongate tail 
of each pulse to result the signal lacking zero crossing. In 
other word, we’ll receive an NRZ signal distorted by 
intersymbol interference (ISI) [l], [2]. Examples of channel 
effects for both binary symbol and impulse symbol, 
compared with corresponding received signal are shown in 
Figs 1 and 2. 

Fig 1. Binary Symbol and Received Signal 
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Fig 2. lmpulse Symbol and Received Signal 

If a data is transmitted on a band-limited channel, the 
received signal is NRZ data that is lacking zero crossing. It is 
necessary to usc a data equalizer to recover the original 
waveform from thc distortion signal. Conventional NRZ 
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signal recovers used linear equalizers, decision-feedback 
equalizers (DFE‘s) [l], or adaptive filters [3]. These 
approaches are bascd on a comparator with fixed or dynamic 
threshold, feedback networks, delay elements, multipliers, 
summation function, analog to digital converters (ADC), 
digital to analog converters (DAC), digital signal processors 
(DSP) and other such elements to recover the NRZ data. 

The linear equalizer can restore the original transmitted 
signal, but it can’t reject intersymbo4 interference and high- 
frequency noise. So, it has limitations for recovered the NRZ 
signal. 

The decision-feedback equalizer can reduce intersymbol 
interference and reject high-frequency noise. Because 
isolated pulse response is linear system, we can apply the 
superposition theorem into our approach. It means that 
identifying the channel model is most important. If the 
channel model has been known, we can design DFE’s to 
perform the NRZ signal recovey very well. I-bwever the 
channel model is not available for all cases. If the channel 
model is not defined clearly, or it is difficult to selected a 
similar one to model it, the performance of the DFE’s will 
decrease. On the other hand, the width-length ratio (W/L) of 
the MOSFETs on the feedback circuit must match the 
magnitude ratio of the pulse response at the time scalc. 
Realized DFE’s have to use analog circuits. When the design 
is finished, the width-length ratio of the MOSFETs is fixed. It 
means that the channel model is fixed. If the channel model is 
not constant, the DFE’s have limited performance. So, the 
DFE’s havc no flexibility on time-variant channels. [l] 

From above descriptions, using adaptive filter as equalizer 
is an optimal solution, but the designer must identify the 
channel module and determine the parameters of the inverse 
filter. It may be difficult and pay a high cost of 
implementations. 

In this paper, we propose a new approach based on the 
MLP/BP neural network [4], [ 5 ] ,  [6] .  I t  can be applied as an 
adaptive filter to recover NRZ signals in band-limited 
channels. In addition, it is a sub-optimal solution at least. The 
parameters (weights) of the MLP/BP neural network can be 
determined by auto-training procedure. By computer 
simulations, the proposed design can recovef 100 MHz NRZ 
data in 10 MHz channels. 

11. CHANNEL MODEL 



The data rate is higher than the capacity of the channel, and 
the signal pulse can't complete its transition within a symbol 
interval. Recover 100 MHz NRZ data in 10 MHz channel is 
our target. It means that the symbol rate is 100 MHz and the 
channel bandwidth is 10 MHz. The equivalent model for this 
band-limited channel is shown in Fig3 [2]. 

WhaeNdre 

Fig 3. Equivalent Model for the Band-Limited Channel 

A random sequence is used to generate input symbols and a 
first order RC low pass filter [7] is selected to model this 
band-limited channel. The background white noise is 
modeled as a uniform distribution signal. By this way, we get 
a NRZ signal, and we sample this signal as the training 
patterns or test patterns for MLP/BP neural network. 

111. PROPOSED ARC- 
The proposed approach is based on the MLP/BP neural 

network as an adapter filter to recover the NRZ signal in 
band-limited channels. The architecture of the MLP/BP 
neural network is shown m Fig 4. There are an input layer, a 
hidden layer or more, and an output layer. A neuron, a 
processing element, of the MLP/BP neural network is shown 
in Fig 5. The different neurons on neighbor layers connect 
together [4], [5], [6]. 
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Fig 4 MLP/BP Neural Network Architecture 

Fig 5. Neuron for MLP/BP Neural Networks 

The MLP/BP-based Equalizer is shown in Fig 6. It is a 
non-overlap frame-based application. Except for the MLPBP 
neural network, an analog to digital converter ( A D  converter, 
ADC), a serial to parallel bufferhatch, and a parallel to serial 
buffer are need. We must assign several parameters for the 
MLP/BP-based Equalizer. The product of the number of 
sampling points per symbol and the number of symbol per 
frame determine the number of neurons in input layer. 
Usually, the number of sampling points per symbol must 
satisfy the Nyquist sampling theorem [3] and the number of 
symbol per frame that represented intersymbol interference is 

equal to 3 or 4 [l]. The number of neurons in hidden layer is 
usually equal to or larger than the number of symbol per 
frame. The number of neurons in output layer is equal to the 
number of symbol per frame. The latency of this approach is 
equal to the number of symbol per frame. 

Latch :'I Network 
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Fig 6. MLP/BP-based Equalizer 

The backpropagation algorithm is most popular training 
rule of the MLP neural network [4], [5], [6]. It is based on the 
gradient steepest descent method to minimize the error 
function. Neurons may use any differentiable transfer 
functionfto generate their output. Usually, MLP/BP neural 
networks often use the log-sigmoid transfer function, 
f(n) =logsig(n) . Alternatively, MLP/BP neural networks may 
use the hard-limit transfer function or the tan-sigmoid transfer 
function, f(n) =tansig(n). Sometimes, we maybe use linear 
transfer function on output layer to take outputs on any value. 
In our approach, we use the log-sigmoid transfer function for 
training procedure and use the log-sigmoid transfer function 
or the hard-limit transfer function for testing procedure. 

For low-cost issues, a hard-limit transfer function is used to 
replace a complex functional block for transfer function or 
function value look up table. By this scheme, a simple 
comparator is only needed to realize this function, however 
the performance will be decreased a little. 

In our approach, except for the A/D converters, other parts 
are digital. The parameters of the MLP/BP-based equalizer 
are adjustable, so it is more flexible than conventional 
approaches in system-on-chip @oC). Because our approach 
uses mixed mode IC technology, rather than analog IC 
technology, the proposed architecture is suitable to 
implement IP or ASIC. 

Iv .  SIMULATION RESOULTS 
We perform the simulations and plot the simulation results 

by Matlab. These results can prove a well training MLP/BP- 
based equalizer can recover the NRZ signal with high 
performance and high reliability. 

We use following parameters to perform the simulations: 
Frame Size = 3 
Sampling Points per Symbol = 2 
The Number of Neurons in Input Layer = 6 
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The Number of Neurons in Hidden Layer = 3 
The Number of Neurons in Output Layer = 3 
Transfer Function for Training: 

Transfer Function for Testing (Application): 
Log-sigmoid Transfer Function with Output Decision 

(1) Log-sigmoid Transfer Function with Output 

(2) Hard-limit Transfer Function 

First Stage + NRZ Signal 

Decision 

Training Pattern Type: 

Without Background White Noise 
Until Output Converge 

With Background White Noise 
SNR=15dB 
Perform 10 Iterations 

Secondary 3 NRZ Signal 

Trainin Pattern Numbers B = 10 symbols for Each Iteration 
Test Pattern Type: 

NRZ Signal 
With Background White Noise 
SNR= 10 - 22 dB 
Test Pattern Numbers = IO’ symbols for Each Case 

The input symbol, the NRZ signal that is without the 
background white noise, and the output of the MLP/BP-based 
equalizer are shown in Fig 7 The input symbol, the NRZ 
signal that is with the background white noise, and the output 
of the MLP/BP-based equalizer are shown in Fig 8. The Bit 
Error Rate - SNR curve is shown in Fig 9. 
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Fig 8. Input Symbol, NRZ signal (with Noise) and 

MLP/BP-based Equalizer’s Output 
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Fig 9. Bit Error Rate - SNR (dB) Curve 
(-): Using Log-sigmoid Transfer Function 
(+): Using Hard-limit Transfer Function 

V. CONCLUSION 
In this paper, we propose a MLP/BP neural network based 

waveform equalizer to recover the NRZ signal in band- 
limited channels. The parameters of the MLP/BP-based 
equalizer are adjustable. Hence, the proposed design can be 
applied in digital communication systems, and it is suitable to 
implement as IP or ASIC. For different systems (different 
symbol), we just perform the training procedure and apply the 
training result into new systems. As a result, it is a flexible 
solution. 
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