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Abstract 

 

Adaptive filtering is the one of the fundamental technologies in digital signal processing and used in various applications 

areas in science as well as in industry. This paper presents the implementation and comparison of adaptive algorithm 

Complementary Pair Variable Step Size Least Mean Square algorithm (CPVSS-LMS) in LabVIEW using adaptive filter 

toolkit. Simulation experiments are done in LabVIEW to compare the learning curves of the CPVSS-LMS and CP-LMS 

algorithm. The simulation results show that the CPVSS-LMS algorithm provides faster convergence speed and small 

steady state error than the CP-LMS algorithm.  
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1. Introduction 

 
1
Adaptive filters are used for information processing in 

different types of environment. Least mean square (LMS) 

algorithm proposed by Widrow and Hoff is popular 

algorithm due to its simplicity and robustness (Jeronima 

et.al, 2005). The limitation of LMS algorithm is that 

selection of particular value of step size creates 

compromise between convergence speed and steady state 

error. Lot of work has been done to improve the 

performance of an algorithm. 

     The modified LMS algorithm has been developed by 

using fractional derivative and weight adaptation equation 

of standard least mean square algorithm (Raja Muhammad 

et.al, 2009). This algorithm takes less number of iterations 

as compared to LMS algorithm. Long LMS adaptive filter 

is analyzed to check the stability of step size of an 

adaptive algorithm by deriving exact closed form solutions 

for steady state weight error correlations and the 

associated misadjustment (Butterweck, 2011). 

      A new variable step size LMS algorithm was 

introduced in which two adaptive step size equations are 

proposed to estimate step size and controlled by single 

parameter (Mayyas and Momani, 2011). Mean-square 

performance analysis is provided for zero-mean stationary 

Gaussian input signal, and a simple expression that 

predicts the algorithm steady state misadjustment is 

derived for small step-size fluctuations.The 
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Complementary Pair Least Mean Square (CP-LMS) 

algorithm is proposed by Woo-Jin Song and Min-Soo Park 

(Min-Soo Park and Woo-Jin Song, 1998). The algorithm 

uses two adaptive filters with different update step sizes 

operating in parallel, one filter re-initialize the other filter 

with better coefficient estimates. The CP-LMS algorithm 

provides faster convergence speed and smaller steady state 

error than those of a single filter with fixed or variable step 

size. 

       The new algorithm called Complementary Pair 

Variable Step LMS (CPVSS-LMS) is a type of CP-LMS 

(Complementary Pair Least Mean Squares) algorithm that 

was proposed by Min-Soo Park and Woo-Jin Song. The 

difference between CPVSLMS and the CP-LMS is that the 

step-size of the CPVSLMS algorithm is increasing or 

decreasing, if the algorithm is respectively far or near to 

the optimum (Bilcu et. al, 2000). The new algorithm 

provides faster convergence speed than the CP-LMS 

algorithm and usual LMS algorithm. 

 

2. Implementation of CPVSS-LMS Algorithm in 

LabVIEW 

 

To implement CPVSS-LMS algorithm in LabVIEW, 

firstly the CP-LMS algorithm has been implemented in 

LabVIEW. The block diagram of implementation of 

Complementary Pair Least Mean Square (CP-LMS) 

algorithm is shown in Fig.1. 

 The variable step size in the case of CPVSS-LMS 

algorithm is updated by the equation: 
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when the coefficients should be re-initialized. One 

particular case of this formula is 
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Fig.1 Block Diagram of CP-LMS algorithm in LabVIEW 

 

Therefore in this case of the new algorithm in order to 

increase the convergence speed the step size is increased. 

When the accuracy filter goes faster toward the optimum 

than the speed filter, the speed size   ( ) will be 

decreased in order to obtain a small steady-state error. The 

behaviour of the CPVSS-LMS algorithm can be expressed 

as follows: 

The update of the coefficients of the speed filter: 
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The update of the coefficients of the variable step filter: 
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The re-initialization of the step-size: 
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The minimum value of the step size   ( ) is      and it is 

obtained at the steady state. Hence, the steady state error 

of the algorithm is given by the step       The maximum 

value of the step size   ( ) is     The values     and    

must be chosen in such a way to ensure the convergence of 

the two LMS algorithms. In order to have a large number 

of re-initializations the values of     and    must be 

chosen in such a way that           Therefore the 

values of these parameters will be chosen as: 

 

        
 

  *  ( )+
                                          (6) 

Where E{.} denotes the expectation operator. 

 The values of the parameters α and β must be in the 

interval (0,1), such that the step size   ( ) will be 

decreased when the algorithm goes toward to the 

optimum. If the value of α is close to 0, then the value of 

the step size   ( ) is decreased too fast. The value of 

parameter β must be greater than unity such that the step 

size   ( ) will be increased when the CPVSS-LMS 

algorithm is far from the convergence. The parameters T 

and L can be chosen in the same as for CP-LMS 

algorithm.  √  , where K is the length of the training 

input sequence. The value of L should be small in order to 

have frequent number of reinitializations 

 The steps used for implementation of CPVSS-LMS in 

LabVIEW are same as of CPLMS but to make step size 

variable, following steps are used: 

 

The max and min function is used. 

 

 To implement first part of Eq. (5), parameter β is 

multiplied with step size   ( ) using multiply 

function and then applied as one of the input to max 

and min function. The other input is step size   ( ) 
and then maximum output is taken. 

 Similar step is taken for parameter α but here min 

function is used as output. Instead of   ,      is 

taken. 

 Then case structure is used to use two cases, in first 

case variable step size   (   ) will be equal to max 

value and in second case,   (   ) will be equal to 

min value. 

The block diagram of updated step size equation of 

Complementary Pair Variable Step Size Least Mean 

Square (CPVSS-LMS) algorithm in LabVIEW is shown in 

Fig.2. 

 

 
 

Fig. 2 Block Diagram of equation of Variable Step Size of 

CPVSS-LMS algorithm in LabVIEW 

 

Now, the CPVSS-LMS algorithm is implemented in 

LabVIEW using the SubVI of updated step size equation 

(Kaur, Rashpinder et. al 2012). The block diagram of 

implementation of Complementary Pair Variable Step Size 

Least Mean Square (CPVSS-LMS) algorithm in 

LabVIEW is shown below in Fig. 3. 
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Fig. 3 Block Diagram of CPVSS-LMS algorithm in 

LabVIEW 

 

3. Simulations Results 

 

The Complementary Pair Variable Step Size Least Mean 

Square (CPVSS-LMS) algorithm is compared with 

Complementary Pair Least Mean Square (CP-LMS) 

algorithm. Parameters for these algorithms have been 

chosen to produce comparable performances. All 

algorithms will be tested by taking zero mean white 

Gaussian input signal of unity variance. Filter length of 

adaptive filter in both algorithms implemented in 

LabVIEW is taken as 25. Experiment results are obtained 

over 200 independent trials.  

 The performance of adaptive filter is analysed by 

measuring convergence speed. Adaptive filter has fast 

convergence if it takes less time to calculate appropriate 

coefficients to minimize the power of the error signal 

(National Instruments, “Analyzing Adaptive Filter 

Performance”). 

 The MSE of the error signal will be calculated with the 

following equation: 

     
∑   

 ( ) 
   

 
              (7) 

     

where   is the number of times you execute the filter and 

  ( ) is the error signal at     trial. 

 To simulate CPVSS-LMS algorithm, the value of 

parameters taken as       ,       M = 100 and J = 3, 

to obtain learning curve for 2000 iterations. Fig. 4 shows 

the comparison of learning curves of CPVSS-LMS and 

CP-LMS algorithm in LabVIEW. 

 The values of accuracy filter step size    is taken as 

0.001 and step size of speed filter    is 0.04 for both the 

algorithms i.e. CPVSS-LMS and CP-LMS algorithm.The 

value of variable step size   (   ) of CPVSS-LMS 

algorithm is obtained 0.024 through simulation results. 

The step size of accuracy filter and speed filter both are 

used to obtain learning curve and mean square error 

obtained is given in Table 1. 

 
 

Fig. 4 Comparison of Learning curves of CPVSS-LMS 

and CP-LMS algorithm in LabVIEW 

 

Table1 Mean Square Error for CP-LMS and CPVSS-LMS 

algorithm 

 

S. No. Algorithm Mean Square Error 

1. CPVSS-LMS 0.00454 

2. CP-LMS 0.00638 

 

The Fig. 4 shows that the CPVSS-LMS algorithm’s graph 

(red curve) converges slightly faster than CP-LMS 

algorithm’s graph (green curve) and the Mean Square 

Error(MSE) of CPVSS-LMS is less than the MSE of CP-

LMS algorithm for the same values of accuracy filter step 

size and speed filter step size. 

 

Conclusions 
 

The Complementary Pair Variable Step Size Least Mean 

Square (CPVSS-LMS) and Complementary Pair Least 

Mean Square algorithm (CP-LMS) algorithms are 

implemented in LabVIEW using Adaptive filter toolkit of 

LabVIEW. The CPVSS-LMS algorithm has superior 

performance than the CP-LMS algorithm. The simulation 

results shows that CPVSS-LMS algorithm has small 

steady state error and faster convergence speed as 

compared to CP-LMS algorithm for the same values of    

and     
 

Acknowledgements 
 

The author wishes to acknowledge the ECE Department of 

Doaba Institute of Engineering & Technology, Kharar, 

Mohali, Punjab, India and School of Electronics & 

Electrical Engineering of Chitkara University, Punjab, 

India for their kind support and guidance for the research 

work done. 

 

References 

 
Bilcu, Radu, Kuosmanen, Pauli, Rusu Corneliu (2000), A Novel 

Complementary Variable Step LMS Algorithm, Proceedings 

of IEEE Nordic Signal Processing Symposium, Kolmarden, 

Sweden. 



Gurjinder Singh et al                                                               International Journal of Current Engineering and Technology, Vol3., No4. (October 2013) 

 

1241 

 

H.J. Butterweck (2011), Steady-state analysis of the long LMS 

adaptive filter, Elsevier Journal on Signal Processing, 91, 

690-701. 

Jerónimo Arenas-García, Vanessa Gómez-Verdejo,  Aníbal R. 

Figueiras-Vidal (2005), New algorithm for improved adaptive 

convex combination of LMS transversal filters, IEEE 

transactions on Instrumentation and Measurement, 54(6), 

2239-2249. 

Kaur, Rashpinder; Singh, Gurjinder; Dhaliwal, B.S and Gill, S.S 

(2012), Implementation of Modified Variable step Size Least 

Mean Square Algorithm in LabVIEW, Proceedings of the 

IEEE International Conference on Computational Intelligence 

and Computing Research, Coimbatore, 102-105. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Mayyas, K. and Momani, K. (2011), An LMS Adaptive 

Algorithm with a New Step Size Control Equation, Journal of 

Franklin Institute, 348, 589-605. 

National Instruments, Analyzing Adaptive Filter Performance 

(Adaptive Filter Toolkit), available at http://www.ni.com/part 

number 372357A-01. 

Raja, Muhammad, A. Z. and Ijaz Mansoor (2009), A modified 

least mean square algorithm using fractional derivative and its 

application to System identification , European Journal of 

Scientific Research, 35(1), 14-21. 

Woo-Jin, Song, Min-Soo, Park, (1998), A Complementary Pair 

LMS algorithm for adaptive filtering, IEICE transactions 

Fundamentals, E81-A (7), 1493-1496. 

 

http://www.ni.com/part

