I/P Wav file name : heart38S_3dB_paper_cut.wav

Main Program: ANCP2_tang.m        Function: learn_a2.m
ALE Structure:

Since Widrow et al. first introduced the adaptive filter to suppress noise from desired signal in 1975[29, 30], adaptive filters have been developed to include many applications. Normally, adaptive filter can be used to reduce heart sound noise from lung sound as in [13, 15], but for electronic stethoscope to be used in outpatient clinic settings, it is not convenient because adaptive filter requires an external reference signal. In this work, we choose ALE instead.

Figure 2 presents the ALE basic structure. It consists of an L-weight linear prediction FIR filter and a variable delay of input signal. The filter weight can be adjusted by Least-Mean-Square (LMS) adaption algorithm. As shown in Figure 2, x(k) consists of a narrow band signal r(k) and a board band signal n(k).
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	In our case, x(k) is the signal we acquired from microphone connected to stethoscope pick-up head, which is also the combination of heart sound r(k), a narrow band signal, and lung sound n(k), a broad band signal.
	



The output y(k) of ALE is defined as:
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Where ( is the prediction distance of the filter in terms of the sampling period, L is the filter length and wl (k) is the FIR filter weight (ALE coefficients).

The Least Mean Square (LMS) algorithm is a widely used algorithm for adaptive filtering. It is based on the approximation of the gradient toward the optimal point using statistical properties of the input signal. The filter weights adapt in response to the error for each coming new sample. To adjust the ALE coefficients, the LMS algorithm is preferable for its computational simplicity and robustness. The adaption is described by
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Where
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which L is adaptive filter length, 
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 is the input vector and ( is the convergence parameter.

Three important parameters in LMS algorithm: adaptive filter length L, the prediction distance ( and the convergence parameter ( will affect the performance ALE in term of adaption rate, excess mean squared error (EMSE) and frequency resolution. The adaptation rate is controlled by selection of ( and L, and the condition of data vector autocorrelation. 
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Figure 2. Basic structure of ALE.
According to Figure 2, the input signal x(k) in the intended scenario of usage of our proposed stethoscope, is the body sound from the stethoscope pickup consisting of heart sound  and lung sound. Since heart sound is a narrow band quasi-periodic signal r(k) and lung sound is a wide band signal n(k), the system output y(k) of ,  proposed system should be  the error output e(k).  

Three important parameters to design and select for coding in VHDL have been chosen with the help of preliminary simulations carried out with MATLAB. We used a 10-tap filter, ( = 0.0001 and ( =32 for this prototype setup.
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Figure 3. Hardware Structure of ALE.

Execution Result 1 (Initial Weights=  0):
W= zeros(U,S); b= randn(U,1);
tab=10; D=32; mu=0.02; N=length(X)-400;
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Execution Result 2 (Initial Weights=  Random Numbers):

tab=10; D=32; mu=0.02; N=length(X)-400;

W=randn(U,S); b=randn(U,1);

{Now running on-line learn_a2.} 

     ===>Sum of squared err = 222.0197

   {On-line learn_a2. execution completed}
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Execution Result 3 (Initial Weights=  Given Initial Values):

tab=10; D=32; mu=0.02; N=length(X)-400;
W= [1.3   2  -0.4   1   1.2    -1.7   -1.7    0.1   -1     0];
{Now running on-line learn_a2.} 

     ===>Sum of squared err = 135.0263

   {On-line learn_a2. execution completed}
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Execution Result 4 (Initial Weights=  Given Initial Values):

tab=10; D=32; mu=0.001; N=length(X)-400;
W= [1.3   2  -0.4   1   1.2    -1.7   -1.7    0.1   -1     0];
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Execution Result 5 (Initial Weights=  Given Initial Values):

tab=10; D=32; mu=0.001; N=length(X)-400;
W= [1.3   2  0.4   1   1.2   1.5   1.7    0.1   0.8     0] Only positive 
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