
INTERNATIONAL JOURNAL OF RESEARCH IN TECHNOLOGY AND MANAGEMENT (IJRTM) 
ISSN 2454-6240   

www.ijrtm.com   
 

43 
Volume 2 Issue 3, MAY 2016 

 

LOSS LESS IMAGE FIRMNESS COMPARISION DPCM AND 

DPCM WITH LMS ALGORITHM 
 

Pramod Kumar Rajput 

         Department of Electronics & Communication 

Nagaji Institute of Technology and Management 

Datia, M.P. – 475220, india 

pramodrajput0109@gmail.com 

Brijendra Mishra 

        Department of Electronics & Communication 

Nagaji Institute of Technology and Management 

Datia, M.P.- 475220, india 

brijendra.mishra07@gmail.com

 

 

ABSTRACT 

 
 In this paper we compare the compressed image for 1 and 3, 

bits (2, 4 and 8 quantization levels, respectively), estimation 

error and average square distortion using DPCM with fixed 

coefficient and using DPCM with LMS algorithm. The LMS 

algorithm may be used to adapt the coefficients of an adaptive 

prediction filter for image source encoding. Results are 

presented which show LMS may provide more reduction in 

transmitted image compare to DPCM when distortion levels 

are approximately the same for both methods. Alternatively, 

LMS can be used in fixed bit-rate environments to decrease the 

reconstructed image distortion and prediction mean square 

error. When compared DPCM and DPCM with LMS, 

reconstructed image distortion is reduced and the prediction 

mean square error is reduced using DPCM with LMS.The 

LMS algorithm is easy to implement and computationally 

inexpensive. This feature makes the LMS algorithm attractive 

for image compression compare to only DPCM. The LMS 

Filter length was taken to be fixed taps. The parameter of LMS 

algorithm µ was set to be .0006 and this provide the good 

results. This is presenting the performance of using DPCM, 

using DPCM with LMS algorithm for loss less image 

compression. 

Keywords-Compression; DPCM; LMS; Average square 

distortion. 

I.  INTRODUCTION  

Compressing an image is significantly different than 
compressing raw binary data. Of course, general purpose 
compression programs can be used to compress images, but 
the result is less than optimal [1]. This is because images 
have certain statistical properties which can be exploited by 
encoders specifically designed for them. Also, some of the 
finer details in the image can be sacrificed for the sake of 
saving a little more bandwidth or storage space. This also 
means that lossy compression techniques can be used in this 
area. Lossless compression involves with compressing data 
which, when decompressed, will be an exact replica of the 
original data. This is the case when binary data such as 
executables, documents etc. are compressed. They need to be 
exactly reproduced when decompressed. On the other hand, 
images (and music too) need not be reproduced 'exactly'. An 

approximation of the original image is enough for most 
purposes, as long as the error between the original and the 
compressed image is tolerable.   

A two-layer image compression device is disclosed with 
a halftone circuit, an inverse halftone circuit and a 
quantization circuit. In this circuit, the halftone circuit 
converts the input gray-scale image into a binary image and 
rearranges the binary image output sequence to serve as a 
base layer of the input gray-scale image. The inverse 
halftone circuit recovers a predicted image from the binary 
image using the LMS algorithm. The quantization circuit 
then compares the input gray-scale image with the predicted 
image and encodes the difference between them to obtain an 
enhancement layer of the input gray-scale image. In DPCM, 
a prediction of the next sample value is formed from past 
values. This prediction can be through of as instruction for 
the quantizer to conduct its search for the next sample value 
in a particular interval [2]. By using the redundancy in the 
signal to form a prediction, the region of uncertainty is 
reduced and the quantization can be performed with a 
reduced and the quantization can be performed with a 
reduced number of decisions (or bits) for a given 
quantization level or with reduced quantization levels for a 
given number of decisions(or bits). The reduction in 
redundancy is realized by subtracting the prediction from the 
next sample value. This difference is called the prediction 
error. 

 

II. THE IMAGE COMPRESSION 

PRINCIPLE 

In a communication environment, the difference between 

adjacent time samples for image is small, coding techniques 

have involved based on transmitting sample-to-sample 

differences rather than actual sample value [3]. Successive 

differences are in fact a special case of a class of non-

instantaneous converters called N-tap linear predictive 

coders. These coders, sometimes called predictor-corrector 

coders, predict the next input sample value based on the 

previous input sample values. This structure is shown in 

figure 1. In this type of converter, the encoder forms the 

prediction error (or the residue) as the difference between the 
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next measured sample value and the predicted sample value. 

The equation for the prediction loop is 

              ……..…….. (1) 

                                                                                                                                                                                 

 
 

 

 
Where Q=Quantizer, x(n) is the nth input sample, y(n) is 

the predicted value, and e(n) is the associated prediction 
error. This is performed in the predict-and-compare loop, the 
loop shown in     figure 1. It‟s prediction by forming the sum 
of its prediction and the prediction error.  

 

     ……………(2) 

………….(3) 
 
Where quant (.) represents the quantization operation, 

)(neq
is the quantization version of the prediction error, and 

)(nxs  is the corrected and quantized version of the input 

sample. This is performed in the predict-and-correct loop. 
The communication task is that of transmitting the 

difference (the error signal) between the prediction and the 
actual data sample. For this reason, this class of coder is 
often called a differential pulse code modulator (DPCM) [4], 
[5], [6], [7]. If the prediction model forms predictions that 
are close to the actual sample values, the residues variance 
(relative to the original signal). 

The predictive converters must have a short –term 
memory that supports the real-time operations required for 
prediction algorithm. In addition, they will often have a long-
term memory that supports the slow time, often data-
dependent operations, such as automatic gain control and 
filter adjustments. Predictors that incorporate the slower, 
data-dependent adjustment algorithms are called adaptive 
predictors. Simply, the adaptive filter is self adjusting hence 
the name „adaptive‟. 

In an image compression, a model of predict and correct 
loop may vary continuously hence the model to be updated 
continuously. This is done by adaptive filtering algorithms. 
 
 

III. PSYCHOANALYSIS OF DPCM 

In DPCM we transmit not the present sample x(n), but 
e(n) (the difference between x(n) and its predicted value 
y(n)). At the receiver, we generate y(n) from the past sample 
value to which the received x(n) is added to generate x(n). 
There is, however, one difficulty associated with this 
scheme. At the receiver, instead of the past samples x(n-
1),x(n-2),.., as well as e(n),we have their quantized version 

),....2(),1(  nxnx ss This will increase the error in 

reconstruction. In such a case, a better strategy is to 

determine y(n), the estimate of )(nxs  (instead of x(n)), at 

the transmitter also from the quantized samples 

),....2(),1(  nxnx ss The difference e(n)=x(n)-y(n) is 

now transmitted via PCM [10]. At the receiver, we can 
generate y(n), and from the received e(n), we can 

reconstruct )(nxs . 

 

Figure 2. N-tap predictive differential pulse code modulator (DPCM) 

The difference of the original image data, x(n) and y(n) 
prediction image data e(n) is called estimation residual, e(n). 
So 

            e(n) = x(n) – y(n) - - - - - -(4) 
is quantized to yield  

   - - - - - - (5) 

Where q(n) is the quantization error, )(neq  quantized 

signal. And 

 - - - - - - - -(6) 

The prediction output )(ny  is fed back to its input so that 

the predictor input )(nxs is 

∑    Q 

 

Predictor ∑ 

+ 
 

   
+ 

Predict and compare loop 

Predict and correct loop 
+ 

 

∑    Q 

LMS 

Predictor ∑ 

+ 
 

   
+ 

Predict and compare loop 

Predict and correct loop + 

 

Figure 1.   N-tap predictive differential pulse code modulator (DPCM) 

for image compression system 
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- - - - - (7) 

IV. LMS ALGORITHM FOR FIRMNESS 

It is seen that the image prediction y(n) is formed in a linear 

manner at the output of the LMS filter: 

- -- - - -  (8) 

 

             - - - - - (9) 

In equation (8) the )(nwk  are N adaptive predictor 

coefficients, the  )(nxs  are the reconstructed image data, 

and k is 1, 2……….N integer values which select the 
previous image pixel on which base the current prediction. 

The quantized residual is also used to update the 
predictor coefficient for the next iteration by the well known 
least mean squares (LMS)[8], [9], [11] algorithm. 

 

    - - -       (10) 
The parameter µ is known as the step size parameter and 

is a small positive constant, which control steady-state and 
convergent mean-square residual characteristics of the 
predictor. The LMS algorithm is an approximation to the 
gradient search method for iteratively computing the N 
optimal w(n) coefficients which minimize the mean square 
prediction residual. 

V. SIMULATION PARAMETERS 

In this thesis has used the fixed weight coefficient DPCM 
[13] and adaptive tap weight coefficient LMS parameter. 
This parameter has been shown in bellow table. These 
parameters are the resulted parameter of our simulation for 
DPCM and LMS algorithm [12]. 

TABLE I.  PARAMETER VALUE /CONFIGURATION AND RESULTS OF 

DPCM AND USING DPCM WITH LMS ALGORITHM 

Parameter DPCM 
DPCM with  

 LMS 

1bit/pixel reconstructed Image 

size 
34.4 kb 29.3 kb 

3bit/pixel reconstructed Image 
size 

38.9 kb 34.7 kb 

1bit/pixel distortion level -24 dB -26 dB 

3bit/pixel distortion level -27 dB -38.5 dB 

Tap‟s 2 430 

Weight coefficient value W=[.395  .570] W=[ones(1,tap‟s)] 

No of Bit‟s 1, 2, 3 bit‟s 1, 2, 3 bit‟s 

Quantization level 2, 4, 8 level 2, 4, 8 level 

LMS Parameter ( µ) ----- .0006 

VI. REPRODUCTION AND 

EXAMINATION OF RESULT 

The LMS algorithm was simulated using Matlab with 

respected to the application of image compression 

comparison using DPCM with LMS algorithm depicted in 

figure 1. LMS algorithm is easy to implement and 

computationally inexpensive. This feature makes the LMS 

algorithm attractive for image compression. 

Simulation involving real image input signal 

consisted of 400 sample points. Filter length was taken to be 

420 taps. The parameter of LMS algorithm µ was set to be 

.0006 and .001.  

          The 400×400 original image is shown in figure 6.1. 

This image size is 83.6 kB. This original image passed with 

the residual quantizer consisting of b=1, 2 and 3 bits(2, 4 and 

8 quantization levels, respectively) using DPCM with LMS 

algorithm adaptive coefficient w . The characteristics of the 

quantizer follow the Laplacian density model [6]. The 

coefficients of the fixed DPCM predictor were chosen in 

accordance with the globally optimum model [7] and fixed 

coefficient value taken by w=[.495 .456] The dynamic range 

of the data was eight bits from grey level 0 to 399.  The 

simulation result shown in bellow figures.  

     Figure 3 plots the average square distortion versus 

transmitted bit rate for the Rt image. All values of average 

squared error in dB referenced to the performanced of the 

1bit/pixel fixed coefficient predictor. The bit rate is in bits/ 

pixel and is controlled by the number of levels in the 

quantizer. The top graph is for the fixed DPCM predictor and 

the lower is for LMS with µ=.0006-value. The LMS filter 

was initialized at the beginning of the picture reception. In 

fact, the DPCM at 3bit/pixel has approximately the same 

distortion than LMS 1 bit/pixel. The rabt image more 

compress 1bit/pixel LMS compare to 3bit/pixel DPCM with 

approximately same distortion level. The difference of 

1bit/pixel LMS to 3bit/pixel DPCM is 9.6 kB more in 

1bit/pixel LMS. 

  Lastly, the visual characteristics of LMS distortion 

are presented in figure 3, displaying the results for 3 

bits/pixel and 1 bit/pixel transmission. At 3 bit/pixel, 

comparing the LMS predictor figure 4(a) and the DPCM 

prediction figure 4(b) shows there is no significant visual 

different between either method or original Rt image. 

    How ever, as the bit rate is decreased to 1 bit/pixel, 

there is significance difference between the LMS processing 

and that using DPCM. Figure 4(c) displays the 

reconstruction using LMS, which provides a significantly 

sharper image than that shown in figure 4(d) which results of 

using 1 bit/pixel DPCM. Figure 5.These figure shows less 

PMSE of LMS compare to DPCM.  
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Figure 3. Average Square distortion versus transmission bit rate. 

 

 

Original image 

 

 
 

 

Compressed image 

(a)3 bit/pixelLMS 

100 200 300 400 

100 

200 

300 

400 

compressed image 

(b)3 bit/pixelDPCM 

100 200 300 400 

100 

200 

300 

400 



INTERNATIONAL JOURNAL OF RESEARCH IN TECHNOLOGY AND MANAGEMENT (IJRTM) 
ISSN 2454-6240   

www.ijrtm.com   
 

47 
Volume 2 Issue 3, MAY 2016 

 

 
 

 

 

 

0 50 100 150 200 250 300 350 400
-60

-55

-50

-45

-40

-35

-30
Comparision of PMSE

PM
SE

 [d
B]

sample number

 

 

3bit/pixelLMS

1bit/pixelDPCM

 
 

Figure 5. Comparison of PMSE using 1bit/pixel DPCM and 3bit/pixel LMS.  

 

VII. CONCLUSION 

A comparison on using DPCM and using DPCM with 

LMS algorithm with respect to image compression has 

been carried out based on their coefficient and the number 

of bits. The results show that the LMS algorithm has the 

least computational complexity. Results are presented 

which show LMS may provide almost 2 bits/pixel 

reduction in transmitted bit rate compared to DPCM when 

distortion levels are approximately the same for both 

methods. The LMS can be used in fixed bit rate 

environments to decrease the reconstructed image 

distortion. If the same distortion level for 3bit/pixel DPCM 

and 1bit/pixel LMS then LMS provide 9.6kB more 

reduction compare to DPCM. 

 
. 
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