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Abstract

In this paper, designing of a low pass FIR filter is done by artificial neural network. For
this kind of application a different type of model is used in ANN. In this research work, self-
organizing map (SOM) algorithm is used to train the Neural Network. The SOM algorithm is
based on unsupervised learning technique. We also compare the result of neural network with
the result of normal window method. The accuracy of SOM neural network is about 98%.
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1. Introduction

Digital filter designing techniques are widely used in different areas. The input and
output signals in the digital filters are digital or discrete. Mainly, digital filters are line-
ar time invariant (LTI) systems which are characterized by unit sample response. These
filters are highly flexible and it has minimum interference noise and other effects. Digi-
tal filters are simple in storage, maintenance. The FIR filters have greater flexibility to
control the shape of their magnitude and phase response over the IIR filters [1-2]. We
are using the MATLAB software due to reason that the MATLAB is a high-
performance language for technical computing integrates computation, visualization,
and programming in an easy-to-use environment where problems and solutions are ex-
pressed in familiar mathematical notation [3]. In this research work, DSP and neural
networks were combined to produce an excellent algorithm for digital filter design.
Self-organizing map (SOM) algorithm one of the most popular neural network models.
SOM belongs to the category of competitive learning networks.

2. Designing FIR Filter Using Fda Toolbox in MATLAB

In MATLARB there is a toolbox for the designing of digital filter. That is filter design and
analysis (fda) toolbox, by the using of this toolbox we can easily design any type of filer. For
designing a low pass fir filter there are different methods like equiripple, least square, win-
dow techniques etc. The windowing method requires minimum amount of computational ef-
fort; so window method is simple to implement. In this paper, we use three types of windows
as rectangular, hamming and Kaiser Window. Then compare the results of various training
algorithm of neural network with the results from fda tool. The order of filter for all windows
is set to value 6. Here we use normalized frequency (0 to 1) as input and filter coefficients
h(n) as output. Starting input from 0.01 to 0.99, design the filter and export filter coefficients
h(n) to MATLAB workspace. These are dataset of input and output.
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3. Artificial Neural Network

ANN is an information processing network. In this network, the element neurons, process
the information [4]. The signals are transmitted by the connection links. These links have an
associated weight, which is multiplied by the incoming signal for any neural network. An im-
portant aspect of an ANN model is that it requires guidance in learning or not. Based on the
way of learning, all artificial neural networks can be divided into two learning areas super-
vised and unsupervised.

3.1. Self-Organizing Map Neural Network

The Self-Organizing Map was developed by the professor Teuvo Kohonen. The SOM is a
well-known unsupervised neural learning algorithm. The SOM learns from examples a
mapping from a high-dimensional continuous input space X onto a low-dimensional
discrete space (lattice) A of g neurons which are arranged in fixed topological forms, e.g.,
as a rectangularThe main objective of an SOM is to convert an input signal of any dimension
into a one or two dimensional discrete map, and perform this conversion in a topologically
way. Therefore set up SOM by placing neurons at the nodes of a two dimensional lattice.
Weight adjustment is performed until a steady state of global ordering of the weight
vectors has been achieved. In this case, we say that the map has converged. The result-
ing map also preserves the topology of the input samples in the sense that adjacent pat-
terns are mapped into adjacent regions on the map. Due to this topology-preserving
property, the SOM is able to cluster input information and spatial relationships of the
data on the map. Despite its simplicity, the SOM algorithm has been applied to a variety
of complex problems and has become one of the most important ANN architectures.s.
We can view this as a non-linear generalization of principal component analysis (PCA).

Feature Map ®
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Figure 1. Organizing of Map

4. Formulation of Problem

The aim of this paper is to estimate the cut off frequency of any given coefficients of fir
filter and increase the accuracy of result from previous work. Accuracy is determined by
comparing the result from fdatool and nntool. For training purpose we use input output da-
taset derived from fdatool, and for testing purpose we use a test input and simulate it using
nntool.
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5. Methodology

In this methodology we use kaiser window technique for filter designing and SOM neural
network for training purpose.

5.1.Step 1

Low pass fir filter designed by fda tool. The order of filter is 10. We use cut of fre-
quency (fc) range from 0 to 1. Then set the value of fc = 0.01 and design the filter. Re-
peat the same process for value of fc from 0.01 to 1.0. So this gives the 99 dataset of
input and output data. Out of these 99 dataset we use 50 for training and 49 for testing.
Here input is h(n) and output is fc. The screenshot of first step is given below in Figure
2.
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Figure 2. Filter Designing by Fdatool

5.2.Step 2

Export the coefficients on the MATLAB workspace. Design the neural network mod-
el by nntool. Training is done by SOM algorithm. After training, simulate the network
by testing input.

Figure 3. SOM Topology (Plotsomtop)
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Figure 4. SOM Neighbor Connections (plotsomnc)

Figure 5. SOM Sample Hits (Plotsomhits)

Figure 6. SOM Weight Positions (Plotsompos)
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SOM Weight Plases (plotsomplanes)
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Figure 8. SOM Neighbor Distances (Plotsomnd)

6. Results and Discussion

According to the Table 1, there are 50 samples of input output dataset. These input output
dataset are derived from fdatool. In the neural network, this input output dataset using as the
training dataset. According to the Table 2, there are also 50 samples of input output dataset.
The input of this dataset is working as the test input for the neural network and the output of
this dataset is used to compare the result from nntool simulation result. According to the Ta-
ble 3, there are also 50 samples of input output dataset. This dataset is derived from nntool.
Where input is same as test input in Table 2 and the output is simulation result of nntool. So
after comparison of output from Table 2 and Table 3, it shows almost equal. So the result
from nntool is about 98% accurate.
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Table 1. Result from fdatool (for Train Input)
h(n) Cut off frequency
(Train Input) (Target)

h(0) h(1) h(2) h(3) h(4) h(5) h(6) Fc
0.00938 0.00972 0.00993 0.01 0.00993 0.00972 0.00938 0.01
0.02783 0.02902 0.02975 0.03 0.02975 0.02902 0.02783 0.03
0.04529 0.04786 0.04945 0.05 0.04945 0.04786 0.04529 0.05
0.06114 0.06595 0.06897 0.07 0.06897 0.06595 0.06114 0.07
0.07483 0.08299 0.08820 0.09 0.08820 0.08299 0.07483 0.09
0.08587 0.09873 0.10709 0.11 0.10709 0.09873 0.08587 0.11
0.09387 0.11291 0.12556 0.13 0.12556 0.11291 0.09387 0.13
0.09854 0.12531 0.14353 0.15 0.14353 0.12531 0.09854 0.15
0.09972 0.13573 0.16094 0.17 0.16094 0.13573 0.09972 0.17
0.09736 0.14401 0.17771 0.19 0.17771 0.14401 0.09736 0.19
0.09156 0.15002 0.19378 0.21 0.19378 0.15002 0.09156 0.21
0.08251 0.15367 0.20908 0.23 0.20908 0.15367 0.08251 0.23
0.07054 0.15489 0.22356 0.25 0.22356 0.15489 0.07054 0.25
0.05607 0.15367 0.23716 0.27 0.23716 0.15367 0.05607 0.27
0.03962 0.15002 0.24982 0.29 0.24982 0.15002 0.03962 0.29
0.02176 0.14401 0.26149 0.31 0.26149 0.14401 0.02176 0.31
0.00313 0.13573 0.27214 0.33 0.27214 0.13573 0.00313 0.33
-0.01560 0.12531 0.28170 0.35 0.28170 0.12531 -0.01560 0.35
-0.03379 0.11291 0.29016 0.37 0.29016 0.11291 -0.03379 0.37
-0.05078 0.09873 0.29747 0.39 0.29747 0.09873 -0.05078 0.39
-0.06597 0.08299 0.30361 0.41 0.30361 0.08299 -0.06597 0.41
-0.07883 0.06595 0.30855 0.43 0.30855 0.06595 -0.07883 0.43
-0.08889 0.04786 0.31227 0.45 0.31227 0.04786 -0.08889 0.45
-0.09580 0.02902 0.31476 0.47 0.31476 0.02902 -0.09580 0.47
-0.09932 0.00972 0.31601 0.49 0.31601 0.00972 -0.09932 0.49
-0.09932 | -0.00972 | 0.31601 0.51 0.31601 -0.00972 -0.09932 0.51
-0.09580 -0.02902 0.31476 0.53 0.31476 -0.02902 -0.09580 0.53
-0.08889 | -0.15489 | 0.31227 0.55 0.31227 -0.15489 -0.08889 0.55
-0.07883 | -0.15459 | 0.30855 0.57 0.30855 -0.15459 -0.07883 0.57
-0.06597 -0.15367 0.30361 0.59 0.30361 -0.15367 -0.06597 0.59
-0.05078 -0.15215 0.29747 0.61 0.29747 -0.15215 -0.05078 0.61
-0.03379 | -0.15002 | 0.29016 0.63 0.29016 -0.15002 -0.03379 0.63
-0.01560 | -0.14731 | 0.28170 0.65 0.28170 -0.14731 -0.01560 0.65
0.00313 -0.14401 0.27214 0.67 0.27214 -0.14401 0.00313 0.67
0.01250 -0.14015 | 0.26149 0.69 0.26149 -0.14015 0.01250 0.69
0.02176 -0.13573 | 0.24982 0.71 0.24982 -0.13573 0.02176 0.71
0.03083 -0.13078 0.23716 0.73 0.23716 -0.13078 0.03083 0.73
0.03962 -0.12531 0.22356 0.75 0.22356 -0.12531 0.03962 0.75
0.04806 -0.11934 | 0.20908 0.77 0.20908 -0.11934 0.04806 0.77
0.05607 -0.11291 0.19378 0.79 0.19378 -0.11291 0.05607 0.79
0.06359 -0.10603 0.17771 0.81 0.17771 -0.10603 0.06359 0.81
0.07054 -0.09873 | 0.16094 0.83 0.16094 -0.09873 0.07054 0.83
0.07687 -0.09104 | 0.14353 0.85 0.14353 -0.09104 0.07687 0.85
0.08251 -0.08299 0.12556 0.87 0.12556 -0.08299 0.08251 0.87
0.08742 -0.07462 0.10709 0.89 0.10709 -0.07462 0.08742 0.89
0.09156 -0.06595 | 0.08820 0.91 0.08820 -0.06595 0.09156 0.91
0.09488 -0.05702 0.06897 0.93 0.06897 -0.05702 0.09488 0.93
0.09736 -0.04786 0.04945 0.95 0.04945 -0.04786 0.09736 0.95
0.09898 -0.02902 | 0.02975 0.97 0.02975 -0.02902 0.09898 0.97
0.09972 -0.00972 | 0.00993 0.99 0.00993 -0.00972 0.09972 0.99
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Table 2. Result from fdatool (for Test Input)
h(n) Cut off frequency
(Test Input) (Output)

h(0) h(1) h(2) h(3) h(4) h(5) h(6) Fc
0.01869 0.01941 | 0.01985 0.02 0.01985 0.01941 0.01869 0.02
0.03672 0.03852 | 0.03962 0.04 0.03962 0.03852 0.03672 0.04
0.05345 0.05702 | 0.05924 0.06 0.05924 0.05702 0.05345 0.06
0.06829 0.07462 | 0.07862 0.08 0.07862 0.07462 0.06829 0.08
0.08071 0.09104 | 0.09770 0.10 0.09770 0.09104 0.08071 0.10
0.09027 0.10603 | 0.11638 0.12 0.11638 0.10603 0.09027 0.12
0.09663 0.11934 | 0.13461 0.14 0.13461 0.11934 0.09663 0.14
0.09957 0.13078 | 0.15231 0.16 0.15231 0.13078 0.09957 0.16
0.09898 0.14015 | 0.16941 0.18 0.16941 0.14015 0.09898 0.18
0.09488 0.14731 | 0.18583 0.20 0.18583 0.14731 0.09488 0.20
0.08742 0.15215 | 0.20153 0.22 0.20153 0.15215 0.08742 0.22
0.07687 0.15459 | 0.21643 0.24 0.21643 0.15459 0.07687 0.24
0.06359 0.15459 | 0.23047 0.26 0.23047 0.15459 0.06359 0.26
0.04806 0.15215 | 0.24361 0.28 0.24361 0.15215 0.04806 0.28
0.03083 0.14731 | 0.25578 0.30 0.25578 0.14731 0.03083 0.30
0.01250 0.14015 | 0.26695 0.32 0.26695 0.14015 0.01250 0.32
-0.00626 | 0.13078 | 0.27706 0.34 0.27706 0.13078 -0.00626 0.34
-0.02481 | 0.11934 | 0.28607 0.36 0.28607 0.11934 -0.02481 0.36
-0.04247 | 0.10603 | 0.29396 0.38 0.29396 0.10603 -0.04247 0.38
-0.05864 | 0.09104 | 0.30069 0.40 0.30069 0.09104 -0.05864 0.40
-0.07272 | 0.07462 | 0.30623 0.42 0.30623 0.07462 -0.07272 0.42
-0.08423 | 0.05702 | 0.31056 0.44 0.31056 0.05702 -0.08423 0.44
-0.09276 | 0.03852 | 0.31367 0.46 0.31367 0.03852 -0.09276 0.46
-0.09800 | 0.01941 | 0.31554 0.48 0.31554 0.01941 -0.09800 0.48
-0.09976 0.00 0.31616 0.50 0.31616 0.00 -0.09976 0.50
-0.09800 | -0.01941 | 0.31554 0.52 0.31554 -0.01941 -0.09800 0.52
-0.09276 | -0.03852 | 0.31367 0.54 0.31367 -0.03852 -0.09276 0.54
-0.08423 | -0.15459 | 0.31056 0.56 0.31056 -0.15459 -0.08423 0.56
-0.07272 | -0.15367 | 0.30623 0.58 0.30623 -0.15367 -0.07272 0.58
-0.05864 | -0.15215 | 0.30069 0.60 0.30069 -0.15215 -0.05864 0.60
-0.04247 | -0.15002 | 0.29396 0.62 0.29396 -0.15002 -0.04247 0.62
-0.02481 | -0.14731 | 0.28607 0.64 0.28607 -0.14731 -0.02481 0.64
-0.00626 | -0.14401 | 0.27706 0.66 0.27706 -0.14401 -0.00626 0.66
0.00938 | -0.14015 | 0.26695 0.68 0.26695 -0.14015 0.00938 0.68
0.01869 | -0.13573 | 0.25578 0.70 0.25578 -0.13573 0.01869 0.70
0.02783 | -0.13078 | 0.24361 0.72 0.24361 -0.13078 0.02783 0.72
0.03672 | -0.12531 | 0.23047 0.74 0.23047 -0.12531 0.03672 0.74
0.04529 | -0.11934 | 0.21643 0.76 0.21643 -0.11934 0.04529 0.76
0.05345 | -0.11291 | 0.20153 0.78 0.20153 -0.11291 0.05345 0.78
0.06114 | -0.10603 | 0.18583 0.80 0.18583 -0.10603 0.06114 0.80
0.06829 | -0.09873 | 0.16941 0.82 0.16941 -0.09873 0.06829 0.82
0.07483 | -0.09104 | 0.15231 0.84 0.15231 -0.09104 0.07483 0.84
0.08071 | -0.08299 | 0.13461 0.86 0.13461 -0.08299 0.08071 0.86
0.08587 | -0.07462 | 0.11638 0.88 0.11638 -0.07462 0.08587 0.88
0.09027 | -0.06595 | 0.09770 0.90 0.09770 -0.06595 0.09027 0.90
0.09387 | -0.05702 | 0.07862 0.92 0.07862 -0.05702 0.09387 0.92
0.09663 | -0.04786 | 0.05924 0.94 0.05924 -0.04786 0.09663 0.94
0.09854 | -0.03852 | 0.03962 0.96 0.03962 -0.03852 0.09854 0.96
0.09957 | -0.01941 | 0.01985 0.98 0.01985 -0.01941 0.09957 0.98
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Table 3. Simulation Result from nntool (for Test Input)
h(n) Cut off frequency
(Test Input) (Output)
h(0) h(1) h(2) h(3) h(4) h(5) h(6) Fc
0.01869 | 0.01941 | 0.01985 0.02 0.01985 0.01941 0.01869 0.0201
0.03672 | 0.03852 | 0.03962 0.04 0.03962 0.03852 0.03672 0.0387
0.05345 | 0.05702 | 0.05924 0.06 0.05924 0.05702 0.05345 0.0621
0.06829 | 0.07462 | 0.07862 0.08 0.07862 0.07462 0.06829 0.0816
0.08071 | 0.09104 [ 0.09770 0.10 0.09770 0.09104 0.08071 0.0932
0.09027 | 0.10603 | 0.11638 0.12 0.11638 0.10603 0.09027 0.1185
0.09663 | 0.11934 | 0.13461 0.14 0.13461 0.11934 0.09663 0.1434
0.09957 | 0.13078 | 0.15231 0.16 0.15231 0.13078 0.09957 0.1698
0.09898 | 0.14015 | 0.16941 0.18 0.16941 0.14015 0.09898 0.1738
0.09488 | 0.14731 | 0.18583 0.20 0.18583 0.14731 0.09488 0.2012
0.08742 | 0.15215 | 0.20153 0.22 0.20153 0.15215 0.08742 0.2256
0.07687 | 0.15459 | 0.21643 0.24 0.21643 0.15459 0.07687 0.2375
0.06359 | 0.15459 | 0.23047 0.26 0.23047 0.15459 0.06359 0.2569
0.04806 | 0.15215 | 0.24361 0.28 0.24361 0.15215 0.04806 0.2629
0.03083 | 0.14731 | 0.25578 0.30 0.25578 0.14731 0.03083 0.3011
0.01250 | 0.14015 | 0.26695 0.32 0.26695 0.14015 0.01250 0.3267
-0.00626 | 0.13078 | 0.27706 0.34 0.27706 0.13078 -0.00626 0.3416
-0.02481 | 0.11934 | 0.28607 0.36 0.28607 0.11934 -0.02481 0.3554
-0.04247 | 0.10603 | 0.29396 0.38 0.29396 0.10603 -0.04247 0.3858
-0.05864 | 0.09104 | 0.30069 0.40 0.30069 0.09104 -0.05864 0.4010
-0.07272 | 0.07462 | 0.30623 0.42 0.30623 0.07462 -0.07272 0.4170
-0.08423 | 0.05702 | 0.31056 0.44 0.31056 0.05702 -0.08423 0.4392
-0.09276 | 0.03852 | 0.31367 0.46 0.31367 0.03852 -0.09276 0.4511
-0.09800 | 0.01941 | 0.31554 0.48 0.31554 0.01941 -0.09800 0.4894
-0.09976 0.00 0.31616 0.50 0.31616 0.00 -0.09976 0.4904
-0.09800 | -0.01941 | 0.31554 0.52 0.31554 | -0.01941 -0.09800 0.5273
-0.09276 | -0.03852 | 0.31367 0.54 0.31367 | -0.03852 -0.09276 0.5396
-0.08423 | -0.15459 | 0.31056 0.56 0.31056 | -0.15459 -0.08423 0.5677
-0.07272 | -0.15367 | 0.30623 0.58 0.30623 | -0.15367 -0.07272 0.5720
-0.05864 | -0.15215 | 0.30069 0.60 0.30069 | -0.15215 -0.05864 0.6005
-0.04247 | -0.15002 | 0.29396 0.62 0.29396 | -0.15002 -0.04247 0.6118
-0.02481 | -0.14731 | 0.28607 0.64 0.28607 | -0.14731 -0.02481 0.6463
-0.00626 | -0.14401 | 0.27706 0.66 0.27706 | -0.14401 -0.00626 0.6592
0.00938 | -0.14015 | 0.26695 0.68 0.26695 | -0.14015 0.00938 0.6772
0.01869 | -0.13573 | 0.25578 0.70 0.25578 | -0.13573 0.01869 0.7063
0.02783 | -0.13078 | 0.24361 0.72 0.24361 | -0.13078 0.02783 0.7194
0.03672 | -0.12531 | 0.23047 0.74 0.23047 | -0.12531 0.03672 0.7368
0.04529 | -0.11934 | 0.21643 0.76 0.21643 | -0.11934 0.04529 0.7605
0.05345 | -0.11291 | 0.20153 0.78 0.20153 | -0.11291 0.05345 0.7739
0.06114 | -0.10603 | 0.18583 0.80 0.18583 | -0.10603 0.06114 0.7952
0.06829 | -0.09873 | 0.16941 0.82 0.16941 | -0.09873 0.06829 0.8250
0.07483 | -0.09104 | 0.15231 0.84 0.15231 | -0.09104 0.07483 0.8416
0.08071 | -0.08299 | 0.13461 0.86 0.13461 | -0.08299 0.08071 0.8582
0.08587 | -0.07462 | 0.11638 0.88 0.11638 | -0.07462 0.08587 0.8748
0.09027 | -0.06595 | 0.09770 0.90 0.09770 | -0.06595 0.09027 0.9033
0.09387 | -0.05702 | 0.07862 0.92 0.07862 | -0.05702 0.09387 0.9196
0.09663 | -0.04786 | 0.05924 0.94 0.05924 | -0.04786 0.09663 0.9459
0.09854 | -0.03852 | 0.03962 0.96 0.03962 | -0.03852 0.09854 0.9629
0.09957 | -0.01941 | 0.01985 0.98 0.01985 | -0.01941 0.09957 0.9837
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7. Conclusion

From this experiment we estimate the cut off frequency and other parameter from filter co-
efficient by the help of SOM, and it is quite simple method than complex calculative window
method. The above figures show that results come from kaiser window method and artificial
neural network is almost same. For the filter designing purpose This SOM training algo-
rithm is much better than other training algorithm like MLP, RBF etc. In the previous work,
when MLP is used as a training algorithm, result is about 93% accurate. By the using of SOM
algorithm, the accuracy of result is almost 98%. So there is increment of 5% in accuracy,
which is very effective.
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