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Abstract— Transmission losses occur due to conversion of 

audio signal to smaller bit rate in speech transmission. Hence, 

the process of recovering and reconstructing the original 

signal gives rise to losses. Thus, a system that could minimize 

and predict the transmitted signal from its samples for the 

purpose of reconstruction is required. In this work, digitally 

modulated Binary Phase Shift Keyed signal was generated 

using the Simulink of MATLAB. A linear prediction filter of 

order 3 was developed for predicting the data series of the 

BPSK signal. This was also carried out in the 

MATLAB/Simulink environment. The mean value of the 

error of prediction for 200 data was 0.0338215 while the 

mean square error of the model was determined to be 

0.008462. It was discovered that the mean and the mean 

square error values had attained their optimum values. 
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I. INTRODUCTION 

In speech transmission conservation of bandwidth becomes 

necessary often necessitate either compression or encode the 

audio data to meet the bandwidth specifications. This 

involves the conversion of the signal into a smaller bit-rate 

before transmission. The process incurs some losses due to 

recovery and reconstruction the original signal [1].A linear 

predictive method was developed to predict and estimate a 

digitally modulated Binary Phase Shift Keyed signal from its 

samples and reconstruct it. 

 The technique of linear predictive coding converts 

segments of a real-time signal into the small set of numbers, 

}{
,iN

a for storage and transmission. 

 The process plays a fundamental role in all aspects 

of speech. It is the centre of many modern power spectrum 

estimation techniques, identification of the direction of 

arrival of an electromagnetic wave which is important in 

sensor networks, array processing and radar [2]. 

 Linear prediction is a digital method for encoding 

analog signal in which a particular value is predicted by a 

linear function of the past values of the signal [3].Prediction 

error, instead of the speech signal, is transmitted and with 

properly chosen order, the prediction error is with relatively 

small error variance [1]. 

 In the prediction process, the value of the signal, 

)(nx  is estimated from a linear combination of N most recent 

past samples, )( inx  .This is referred to as forward linear 

prediction. The backward linear prediction, on the other hand 

predicts the value of the sample, x(n− i) from its future values, 

i. e., x(n), x(n−1), ・ ・ ・ , x(n−N +1). 

FORWARD LINEAR PREDICTION 

The prediction value, )(
^

nx is given as [3], 
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Where, N is the prediction order, *

,iN
a  is the conjugate of the 

optimal predictor’s coefficients. 

The prediction error )(ne
N

is given as: 
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Substituting equation (1) into equation (2) gives: 
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The mean squared error 
N

 is given as: 
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There is the need to select an optimum prediction order, by 

which the error is small enough and computation time is also 

reasonable [1]. 

II. MINIMIZED MEAN SQUARED ERROR AND YULE-WALKER 

EQUATIONS 

The mean square error can be minimized by getting an 

optimum set of values for the linear predictor’s coefficients 

}{
,iN

a .This is usually done by solving the Yule-Walker 

equations as   shown in equation(5)  [4]. 
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The minimized mean squared error has been shown to be: 
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Where, )(* ir is the conjugate of the autocorrelation 

sequence of the model [4]. 

III. TYPES OF LINEAR PREDICTION & PARAMETRIC 

ESTIMATION 

In parametric method, a model is selected and its parameters 

are estimated in order to estimate the signal under 

consideration [5]. 

 The techniques are autoregressive (AR), moving av

erage, (MA) and autoregressive moving average,(ARMA) 

[6]. 

A. Autoregressive Model 

An autoregressive model (AR) is a system that estimates the 

current term of a series by a linear weighted sum of previous 

terms in the series. The weights are the autoregressive 

coefficients. This is as shown in equation (7)  [7][8]:
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 Where, x[n] is the predicted output of the model, 

e[n] is the error of prediction, p is the order of the model and 

ak’s are the model’s autoregressive coefficients; N is the order 

(length) of the model which is generally very much less than 
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the length of the series. The noise term, ][ne , is assumed to 

be Gaussian white noise [7]. 

IV. MATERIAL & METHOD 

A linear predictive model was used to estimate a BPSK 

modulated signal with the aid of a third order forward 

predictor.Fig.1 shows the BPSK signal that was generated u

sing MATLAB Simulink model shown in fig.2. 

 
Fig. 1: The Generated BPSK Signal 

 
Fig. 2: The Simulink Model That Generated BPSK Signal 

The output of the linear predictive model was 

compared with the generated BPSK signal. The linear 

predictive model was used to create 200 data samples of the 

BPSK signal. Also, the following were determined: 

1) Linear predictor’s coefficients,
N

a , 

2) Estimated signal, x’[n],and 

3) Prediction error,e[n] . 

V. RESULTS & DISCUSSION 

Table 1 shows 23 out of the 200 data obtained with the third 

order forward linear predictor. The optimum linear prediction 

coefficients that were obtained were: 1.0000, -1.8722, 

1.0276, -and 0.0689. 

Predicted 

BPSK 

Actual 

BPSK 

Absolute 

Error 

Squared 

error 

0 -0.7554 0.7554 0.570629 

-1.4142 -0.6891 0.7251 0.52577 

-0.5139 -0.555 0.0411 0.001689 

-0.3831 -0.3668 0.0163 0.000266 

-0.1639 -0.1427 0.0212 0.000449 

0.0715 0.0953 0.0238 0.000566 

0.2998 0.3242 0.0244 0.000595 

0.4991 0.5212 0.0221 0.000488 

0.6492 0.6672 0.018 0.000324 

0.7359 0.7479 0.012 0.000144 

0.7507 0.7554 0.0047 2.21E-05 

0.6917 0.6891 0.0026 6.76E-06 

0.5655 0.555 0.0105 0.00011 

0.3831 0.3668 0.0163 0.000266 

0.1639 0.1427 0.0212 0.000449 

-0.0715 0 0.0715 0.005112 

-0.1214 -0.2352 0.1138 0.01295 

-0.4305 -0.4475 0.017 0.000289 

-0.5961 -0.616 0.0199 0.000396 

-0.7097 -0.7241 0.0144 0.000207 

-0.7535 -0.7615 0.008 6.4E-05 

-0.7242 -0.7241 1E-04 1E-08 

-0.6231 -0.6161 0.007 4.9E-05 

Table 1: BPSK Signal & the Estimated Signal with a LPC of 

order 3 

Fig.4 shows the 2-D line plot of the 23 data points for the 

purpose of comparison. Fig.5, on the other hand, compares. 

 
Fig. 4: A 2-D Line Plot of the 23 Data Points for Estimated 

and the Actual BPSK Signal 

 
Fig. 5: BPSK & Estimated Signals 

The mean value of the error of prediction for the 200 data was 

0.0338215 while the squared error was determined to be 

0.008462. 

VI. CONCLUSION 

The paper sets out to predict and estimate the effectiveness of 

a third order linear prediction of signal to avoid the losses that 

could be incurred due to compression of signal that is 

required in digital transmission of signals. The linear 

predictive system is able to predict a BPSK signal used for 

simulation with a mean squared error of 0.008462. 
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